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Art. XXXI.—Hleinrich Rose. 


WHEN a man who for more than the lifetime of one genera- 
tion has filled a prominent place in science, whose labors have 
extended over every department of this science, while in one of 
thein he has long been recognized as its ablest teacher and high- 
est authority ; when such a man dies, it is natural to inquire in 
what way his reputation was gained, and what part of our 
present knowledge is due to his services. 

Distinction in science is attained by individual effort, and by 
influence exercised over others. There have been men, like 
Dalton, of humble origin and retiring habits, unable to command 
the advantages of a public position, and scantily provided with 
the means for private research, who by speculation and experi- 
ment confined to some one branch have reached the highest 
eminence in science, and discovered laws of nature with which 
their names are thenceforth connected. Others to appearance 
more fortunately situated, have been less limited in their range; 
enjoying by birth or position intercourse with men already dis- 
tinguished, able to join with and assist them in their researches, 
and to diffuse the information which they had aided in ac- 
quiring, they have contributed as well by inciting others, as by 
their own works, to the advancement of knowledge. It is the 
privilege of men of this class to associate and surround them- 
selves with others of even greater distinction in their individual 
departments. At Arcueil, Berthollet gathered about him the 
brightest names of the chemistry of his day; and Berlin was a 
centre to which the fame of Humboldt attracted much of the 
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learning and genius ,of our own times. Humboldt himself is 
gone, and v. Buch, Ritter, Dirichlet, and now, too, Mitscherlich 
and Heinrich Rose. 

In what way then did Rose get the name which he has left? 

He was born on the 6th of August, 1795, in Berlin, where 
his father and grandfather were pharmaceutists and chemists. 
The grandfather is now best known as the discoverer of the 
fusible alloy called after him, Rose’s metal; his father, a man of 
considerable'scientific reputation, died in the year 1807, in the 
days so dark for Prussia, leaving a widow and four young sons. 
Rose studied aera first in “Danzig, at the time when the 
city was besieged by the French under Gen. Rapp, and was 
near losing his life from the typhus which prevail led in the town. 
He served in the campaign of 1815, with his three brothers, and 
on his return remained in Berlin until the end of August in the 
following year. He was not a pupil of Hermstiidt, as has been 
asserted, but was engaged at this time in the laboratory of Klap- 
roth, as we learn from the discourse which he delivered before 
the Berlin Academy in memory of Berzelius. 

“T had the good fortune in my youth to assist the celebrated 
Klaproth in his chemical operations, but only in the last year of 
his life, in the summer of 1816, when his labors were inter- 
rupted by frequent and severe illness. When, several years 
afterward, I was permitted to work in the laboratory of Berze- 
lius, I was able to compare his ways of operating with those of 
Klaproth ; they corresponded to the difference in accuracy of 
their respective investigations.” 

In September, 1816, he went to Mietau, in Curland, and en- 
tered the pharmacy of Dr. Bidde r; his leisure time was passed 
with the physicist Grothuss, who lived on his estate in the 
neighborhood, and in whose works Rose published his first sci- 
entific communication.’ Leaving Mietau in 1819, he travelled 
by way of St. Petersburgh and Finnland to Stockholm, and ac- 
cepted gladly the invitation of Berzelius to finish in his labora- 
tory some investigations which he had begun upon the varieties 
of mica. Here he remained two years. In December he was 
joined by Mitscherlich, who was already known to Berzelius 
in Berlin. In the spring of 1821, his brother, Gustav Rose, 
came also to Stockholm, but left the laboratory in the summer 
for the purpose of travelling over Sweden and Norway. Mits- 
cherlich and Heinrich Rose left Stockholm in the autumn of 
1821; Mitscherlich to go directly to Berlin, Rose to spend some 
weeks i in Kiel, where he took the degree of Doctor of Philosophy. 
He published there his first independent work, an inaugural 
dissertation in Latin upon titanium, and its compounds “with 
oxygen and sulphur; a subject upon which he worked, and 
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wrote several papers, in after years. He established himself in 
Berlin in 1822, and was appointed in the following year to a 
Professorship of Chemistry, which he retained till his death, 
From this time the history of his life is to be found in his works; 
it is a part of the history of science. 

Born as we have seen of respectable parents who could how- 
ever have left him but a moderate competency, and a name 
which, though already known in science, was to become more 
distinguished in their descendants, Rose owed his reputation to 
his works, the fruit of nearly fifty years passed in his laboratory 
and at his desk. These alone would have secured him a lasting 
reputation. But he was not unmindfal of the other means by 
which he had it in his power to further the progress of science, 
His name and their own excellence attracted to his lectures a 
numerous audience, and gave him the opportunity of imparting 
his ideas to numbers of young chemists who came to him from 
all parts of the world. His lectures were marked by their sim- 
plicity and their soundness. In referring the phenomena of 
chemistry to the views which are alike their cause and explana- 
tion, he avoided all theories built up in advance of the facts. 
He distinguished the theories which have been so firmly estab- 
lished that they may safely serve as a foundation for new views, 
and as a guide to the discovery of new facts, from those that 
need to be themselves further confirmed by observation. He 
saw that to reject the one class was to give up the advance al- 
ready made; to accept the other was to endanger future progress. 

The facts were stated in his lectures, with their explanation 
in the plainest words, and the experiments designed to illustrate 
them were made in the simplest way, and, if possible, without 
the use of intricate or expensive apparatus; for very many, in 
fact, he required nothing more than an ordinary test-tube. It 
seemed to be his aim to avoid distracting the attention by the 
complexity or elegance of the apparatus, and to familiarize his 
hearers with the arrangements employed in actual research. 
This dislike to display has given rise to the story, which, if not 
true, is characteristic of himself as of his lectures, that when 
his assistant had caused the tarnished spirit lamps upon his table 
to be brightened, he found the Professor busily employed after 
the lecture in restoring to them their former dingy hue; re- 
marking, “that he could not talk easily where there was so 
much glitter.” 

His lectures were delivered in an easy and conversational 
style, while he walked backward and forward behind the table 
upon which his apparatus was arranged. Even in his later 
years, when the subjects had become familiar to him from fre- 
quent repetition, tne half hour before the lecture found him ab- 
stracted and with a thoughtful expression; as soon as his hour 
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was over, he returned to the laboratory, and ever with a bright 
smile and kind greeting for the young men whom he found 
there at work. 

Beside the public instruction given by him as Professor, Rose 
was in the habit of receiving a few pupils into his private labo- 
ratory, and teaching them, partly himself, but chiefly through 
his assistant, the practical operations of analysis. 

Without neglecting accuracy of execution, it was his principal 
care that analytical operations should be conducted upon cor- 
rect principles; and he always gave his personal attention to 
the selection of the most suitable course, and then followed the 
analysis in its progress with an interest which kept up that of 
his student. When a new subject was presented, the question 
was often asked, “ How will you do this?” The answer was 
listened to with patience and interest, and the sources of inac- 
curacy of the proposed method clearly and kindly pointed out, 
or a better one suggested. The number of his pupils was 
limited, in the latter years of his life to one or two. They were 
required to furnish themselves only with such implements as 
would necessarily be injured by use, or were liable to accident; 
as also with a balance, that the convenience and accuracy of his 
own work might not be interfered with. All other apparatus 
and all the reagents, even the more expensive ones which in 
public laboratories are seldom to be had, were provided in 
abundance. No outlay was objected to, when it secured greater 
accuracy in the results. 

For this great privilege, attended as it was with pecuniary ex- 
pense to himself, Rose never accepted the slightest return. It 
was given from a pure love of science, and he expected it to be 
used in the same spirit. Even the ordinary fee for his lectures, 
conveyed to him from one of his students for greater delicacy 
through his assistant, was not received without hesitation. Rose 
never made use of his students to perform the drudgery and 
routine of his private researches; these he did himself, or left, 
generally, to his assistant; to his pupils was given some new or 
rare mineral, or other object of interest. 

In a paper written by Liebig, in 1840, is the following 
passage; it shows the high consideration in which the teaching 
of Rose was held by one himself of an entirely different school. 

“ Heinrich Rose—the only man in Prussia who gives prac- 
tical instruction in science, the only one to whom it is a pleas- 
ure, and who possesses the ability to educate young men in 
chemistry—is furnished with no adequate means. His labora- 
tory, wholly unsuited to the purpose for which it is used, is ina 
prone building, a part of the rent of which is paid by the 

overnment; but he receives nothing for its current expenses. 
* * * For some time he delivered a course of four lectures 
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in the week, but could only give instruction in mineral analysis, 
for which the least outlay is required; but even for this the fee 
which he received was insufficient, and he was compelled to add 
to it from his private resources.” 

Rose’s laboratory, at the time when some of the happiest 
days of our life were passed in it, was nearly in the centre of 
Berlin, behind the new Museum, and within a few minutes’ 
walk of the University and the other public buildings on the 
Linden. The street formed one bank of the Spree, and the 
laboratory looked out upon its sluggish stream. 

“ undique latius 
Extenta visentur Lucrino 
Stagna lacu.” 

The laboratory was in the house in which Rose had his pri- 
vate dwelling, and consisted of only three rooms: an ante-room 
filled with chemical preparations, the working laboratory, and a 
cabinet for the balances and other nice instruments. All fur- 
nace work, and the preparation of the reagents, was carried on 
in the cellar. Behind these was the auditorium, or lecture- 
room; but all in a private house, in no way connected with any 
Government building.’ 

The writings of Rose consist of his Treatise on Analytical 
Chemistry, and of a great number of papers published in the 
latter volumes of Gilbert’s, and then in Poggendorff’s Annals, 
In considering these writings, it must be remembered that they 
extend over a period of nearly fifty years. It is difficult to 
comprehend the cireumstances under which works at such a dis- 
tance of time were composed, to represent to ourselves the state 
of science previous to their completion. Each of them must be 
looked at from a different point of view, which is ever changing 
with the continued advance of science. ‘l'o judge of them cor- 
rectly, we must bear in mind what was known at the time when 
they were written, as well as that which has since been discov- 
ered; we must see them, neither as they were seen by their co- 
temporaries, nor as they are seen by those of our own times, but 
rather as they would be regarded by a cotemporary who had 
kept up with the knowledge of the present day. The number 
of these works makes it impossible even to allude to them all, 
while it will be our especial object to avoid giving such ab- 
stracts of them as have already been made in the Annual Re- 
ports. By selecting from the more important the points of par- 


? For the greater part of the incidents in the life of Rose, I am indebted to a 
private communication from his brother, Professor Gustav Rose, the distinguished 
mineralogist and crystallographer of Berlin, who also kindly enclosed an obituary 
notice written by his son-in-law, Professor vom Rath, of Bonn, for the Kélnische 
Zeitung of Feb. 2, 1864, and a sketch by Professor Rammelsberg, of Berlin, of the 
chemical works of Heinrich Rose, from which I have allowed myself to make a 
few quotations. D. 
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ticular interest, and giving a sketch of the previous state of 
knowledge with regard to them, it is hoped that some idea may 
be conveyed of the part which Rose’s labors have had in the 
advancement of science. It will be convenient for this pur- 
‘pose to take up first his researches upon general subjects; leav- 
ing the analytical articles to be mentioned in connection with 
his great work on Analytical Chemistry, into which they were 
from time to time incorporated. 

“The first important work of Rose was his investigation of 
the minerals having the crystalline form of augite. It was made 
in 1820 in the laboratory of Berzelius, and together with the 
works of v. Bonsdorff upon hornblende, and of Graf Trolle- 
Wachtmeister on the garnets, is the foundation of our knowl- 
edge of isomorphism in the mineral kingdom.” Rose showed that 
the different varieties of augite are isomorphous silicates of lime, 
magnesia, and the protoxyds of iron and manganese, which, like 
the artificial isomorphous salts described by Mitscherlich, crys- 
tallize together in the same form, and are capable of replacing 
each other in indefinite proportion. He also first noticed that the 
augites from Sabla in Sweden contain at times a quantity of water, 
which may even amount to five per cent; a fact afterwards 
brought furward by Scheerer in support of his theory of poly- 
meric isomorphism. 

Berzelius expressed a high opinion of the ability shown by 
Rose in this work, in a note appended to his account of it in the 
first volume of his Annual Reports. “Tbe analyses of Rose and 
v. Bonsdorff were performed in my laboratory; not under my 
supervision, of which these skillful young chemists had no need, 
but that I might have the pleasure of bearing witness to the care 
and exceeding accuracy with which they were executed.” 

Rose afterwards made analyses of the analcime of Catania and 
Fassa, which gave to this mineral the same formula with that of 
leucite, with the difference that analcime contains two equiva- 
lents of water, and soda in the place of potash. Upon this Ber- 
zelius raises the question, ‘Is soda with two atoms of water iso- 
morphous with anhydrous potash?” ‘This is, perhaps, the first 
idea of a polymeric isomorphism. 

In the laboratory of Berzelius too, were made many of Rose’s 
analyses of mica, which showed such a difference in composition 
that he was unable to deduce from them a general formula, 
They led him, however, to the discovery in it of fluorine, which 
he found, but in very different proportions, in all the varieties 
examined. The presence of fluorine as a constituent of mica 
had been overlooked by both Klaproth and Vauquelin; it was 
found by Rose by heating the mineral in a porcelain retort, with 
the object of discovering the source of its loss of weight on igni- 
tion; fluo-silicic acid came over into the receiver. 
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The research upon titanium was also begun in the laboratory 
of Berzelius, and was taken, as has been said, for the subject of 
his inaugural dissertation. 

Rose first showed the real nature of what had hitherto been 
called oxyd of titanium; that it is not a base, but, on the cons 
trary, combines with bases to form a peculiar class of salts; he 
therefore changed its name to titanic acid. He also discovered 
the compound of titanium with sulphur. 

“In Berlin he resumed this research and analyzed the native 
compound of titanium and iron, which he at first considered to 
be a titanate of protoxyd and peroxyd of iron, but afterwards 
recognized as a mixture in indefinite proportions of the isomor- 
phous sesquioxyds of iron and titanium.” 

The atomic weight of titanium was determined with a degree 
of care and accuracy which secured its universal adoption. Dedu- 
cing the atomic weight from the composition of the chlorid of 
titanium, Rose determined the chlorine, and the titanic acid 
formed when a known quantity of the chlorid was decomposed 
by water. His description of the mode in which the calculation 
was effected is somewhat obscure, but it is evident, that of the 
three values found, two were sufficient for the determination of 
the atomic weight; and that therefore the observed values could 
be combined in three different ways. As however the ignited 
titanic acid, in consequence of absorbing moisture from the air, 
could not be weighed with accuracy, Rose preferred to base the 
calculation upon the amount of chlorine. His results, recaleu- 
Jated for the atomic weight of chlorid of silver of Marignac and 
Stass, give for the equivalent of titanium the number 24:12— 
from the titanic acid, combined respectively with the chlorid of 
titanium taken, and with the chlorine found, are obtained the 
numbers 2490 and 23°47, of which that 4ssumed by Rose is 
very nearly the mean. 

Rose’s extreme values, according to his own mode of calcu- 
lation, are 24:03 and 24°25. 

The number 25, which has been recently adopted for the at- 
omic weight, was obtained by Pierre by volumetric determina- 
tion of the chlorine in the chlorid of titanium. The greater 
number of his determinations agree better than those of Rose; 
the lower atomic weight given by some of them is ascribed b 
him to the fact that they were made with a chlorid which had 
been exposed to the air; and from a portion which was inten- 
tionally exposed for a considerable time, still lower numbers 
were derived. The cause of this difference is not apparent, and 
the explanation given of it by Pierre seems hardly probable. 

As the experiments of Mosander, made after those of Rose, 
gave a lower number than his, there seems to be no valid reason 
for abandoning the atomic weight found by Rose until the sub- 
ject shall again have been thoroughly investigated. 
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In the further progress of this research, by showing that the 
minerals rutile, brookite, and anatase, though occurring in forms 
which belong to different systems of crystallization, consist es- 
sentially of titanic acid, Rose established the first decided instance 
of trimorphism in bodies having the same chemical composition. 

He showed that the change in solubility in acids, produced in 
many metallic oxyds by ignition, is attended by phenomena 
which justify us in considering the body to have passed into a 
different, isomeric state. He pointed out that the change is 
often indicated by momentary incandescence, and by an altera- 
tion in the specific gravity. ‘The passage from the one state to 
the other can sometimes be effected without the aid of heat, as 
in the case of the two forms of peroxyd of tin, whose properties 
he afterward minutely investigated. A similar change is pro- 
duced in titanic acid by merely washing with hot water—the 
transition is attended with no perceptible disengagement of light, 
and the acid which has then passed into the insoluble modifica- 
tion shows no phosphorescence on ignition. ‘I'he phenomenon 
is of the same nature as the incandescence of the ammonio- 
phosphate of magnesia in becoming pyrophosphate, and probably 
also of the oxalates when they are converted by heat into carbon- 
ates. In all these cases a change in the intimate structure of the 
substance is produced. ‘The disengagement of light is sometimes, 
as In gadolinite, accompanied by evolution of heat, and diminu- 
tion of the specific heat of the substance, which it has been sup- 

osed might be its explanation; but in other cases no heat can 
e detected, and the specitic heat remains sensibly the same, or 
may be even slightly increased. 

Without being able completely to explain these phenomena, 
Rose’s experiments demonstrated that the difference of chemical 
properties without alteration of composition, which characterizes 
what is expressed by the term isomeric states, is intimately con- 
nected with certain physical phenomena, of which it is more 
probably the consequence than the cause. 

The emission of light during crystallization was investigated, 
and was shown to occur when a body which is destitute of all 
crystalline structure, like the glassy form of arsenious acid, sep- 
arates for the first time from a liquid in crystals, Certain salts 
too, which, when fused, solidify into a glass-like mass, exhibit 
on crystallization the same phenomenon; but the crystalline 
form once assumed, the phosphorescence cannot be reproduced 
unless the texture be destroyed by a second fusion. There 
would seem then to be a crystalline state of matter independent 
of all solid form, and which it retains even in solution. 

Among his earlier works are the analyses of the lead ores 
from Tilkerode in the Harz, discovered by Finken, in which 
Rose found selenium, and the examination of the natural sulphur- 
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salts of antimony and copper, the Fahlerz of the German min- 
eralogists, or tetrahedrite, of whose composition little was known 
from the want of accurate methods for their analysis. 

In a chemical point of view they are a continuation of the great 
work of Berzelius on the sulphur-salts, and show that the dis- 
tinction made by him of sulphur acids and bases is as marked in 
nature as in the products of the laboratory. They also suggested 
the isomorphism of the sulphurets of copper (Cu,S) and silver 
(AgS), and the consequent necessity of halving the atomic weight 
of the latter; an idea which he developed at length in several 
subsequent papers, which gave rise to his last discovery, and 
was the subject of his latest communication, written but a few 
months before his death. 

One of the most important of Rose’s works is a series of papers 
on the compounds of phosphorus with hydrogen and oxygen. 
The first was sebiedied be 1826, and they extend over a period 
of twenty years. 

It was known that there were two kinds of phosphuretted 
hydrogen, one of which was spontaneously inflammable in con- 
tact with air; but the experiments of the ablest chemists of the 
age had failed to show in what the difference, if any, between 
them consisted, and they disagreed as to their composition. 
Gay-Lussac and Thénard had found, rightly as afterwards ap- 
peared, that on heating potassium in the inflammable gas a vol- 
ume of hydrogen remained, equal to 14 times that of the original 
gas. Vauquelin and Thomson had obtained a different result, 
and Davy found the volume of the hydrogen to vary according 
as he employed the one or the other variety. The possibility 
was not yet admitted that the same elements combined in the 
same proportion could have different properties, for the fact by 
which it was first suggested had but just been discovered by 
Faraday. Of the compounds of phosphorus with oxygen, the 
phosphoric and phosphorous acids had been studied by Berzelius, 
with some of their salts, and their composition rightly deter- 
mined. The hypophosphorous acid, discovered in 1816 by Du- 
long, was erroneously considered by him to contain half as much 
oxygen as the phosphorous acid, and Davy had mistaken the 
relation of the oxygen in all three of the acids. Thus the sub- 
ject was in a most unsettled state; and, to increase the confusion, 
simultaneously with the work of Rose came out a research by 
Dumas, followed by one from Buff, both differing from the con- 
clusion at which Rose had arrived. Rose was led in consequence 
to reéxamine the points about which he was at variance with 
these chemists. The results of his new investigation were pub- 
lished in 1832; it is the most important paper of the series, and 
is preceded by an abstract of the former ones, from which a 
sufficient idea of them may be obtained. 
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Finally, after the communication by Wurz of his theoretical 
views, according to which the lower acids are to be regarded as 
phosphoric acid in which one or more atoms of oxygen are re- 
placed by hydrogen, Rose wrote, in 1843 and 1846 a careful and 
thorough examination of the arguments in favor of the several 
theories of the constitution of these acids, 

Rose’s first step was to determine the composition of the two 
kinds of phosphuretted hydrogen from that of the phosphuret 
formed when the gas was led over the chlorid and subchlorid 
of copper, (CuCl and Cu,Cl,) and the sulphurets of nickel and 
copper, (NiS and Cu,S.) ‘The definite proportions of the first 
two phosphurets showed their stability in contact with the gas; 
as the sulphuret of copper is not decomposed by hydrogen alone, 
the possibility of error from presence of this gas was obviated. 
The spontaneously inflammable gas was shown to contain 1 eq. 
of phosphorus to 3 eq. of hydrogen ; with the other variety the 
results were not constant enough to prove the absolute identity 
of the two. Rose then, in 1832, demonstrated that the density 
of the two gases is the same, and not that which had been found 
for them by Dumas; and that both combine with a number of 
bodies, principally volatile metallic chlorids, and give with them 
precisely the same compounds. He went still further; he 
showed that when these compounds are acted upon by water, or 
aqueous solutions, they are decomposed with reproduction of 
phosphuretted hydrogen, and that the nature of the evolved gas 
depends, not upon the kind used in the preparation of the com- 

ound, but solely upon the liquid by which decomposition has 
een effected. 

From these facts Rose drew the conclusion that the two varie- 
ties of phosphuretted hydrogen have the same composition; that 
they are isomeric forms of the same body, for the doctrine of 
isomery had in the meantime been developed, and that by com- 
bination with the metallic chlorids and subse: quent decomposi- 
tion, the one of these forms may be converted into the other. 
The apparent convertibility of the two gases seems to us, how- 
ever, in strictness to prove only the identity of their compounds. 

More recent researches have changed the views upon this 
subject only so far as to make it possible that the difference in 
inflammability of the gases may be due to the presence of some 
foreign body in such minute quantity as to elude observation. 
If this substance be the liquid phosphuret of hydrogen described 
by Paul Thénard, and condensible at a temperature of —10°C., 
the fact is in direct opposition to an observation of Rose, which 
seems to have been overlooked. “I made,” says Rose, ‘some 
experiments to see if, by exposure to cold, eh ec hy- 
drogen would lose the property of spontaneous inflammability 
in contact with air. During the severe weather in January, 1823, 
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in Berlin, when the thermometer stood at —15° C., (+5° F.,) [led 
the gas in the open air through a very fine tube of glass, (durch 
eine sehr diinne Glasréhre,) 8 feet in length, of which 7 feet 
were surrounded by a freezing mixture, in which mercury 
speedily froze. The gas remained however as inflammable as 
at higher temperatures, and not the slightest condensation could 
be perceived.” 

Rose then examined the composition and products of decom- 
position of the salts of phosphorous acid, and showed that they 
eontain two atoms of base to one of acid, and a quantity of water, 
generally two atoms, which is essential to their existence. The 
composition of the hypophosphorous acid was established from 
the facts that the salt of lime is oxydized by nitric acid to meta- 
phosphate, and by ignition is converted, with evolution of spon- 
taneously inflammable PH,, to pyrophosphate. The salt there- 
fore contains equal equivalents of phosphorus and lime, and 
gives off the half of its phosphorus combined with hydrogen. 

2(P +20) 3HO = PO, + PH, 

This result was then confirmed by direct analyses of remarka- 
ble elegance, and which are well worthy of attention. 

Besides the compounds of PH, with certain volatile chlorids, 
we owe to Rose the discovery of a class of bodies in which ammo- 
nia is combined with the chlorids of various metals, and the very 
remarkable combinations of the anhydrous acids with ammonia 
and with salts, the first instance of which, the union of sulphur- 
ous acid with ammonia, was observed by Débereiner, but which 
Rose now first fully investigated. He made known too the true 
nature of what had been considered as the superchlorids of 
chrome, wolfram and molybdenum. The composition of the 
volatile metallic chlorids which are decomposed by water into 
hydrochloric acid and a metallic oxyd, had hitherto been infer- 
red, without analysis, from that of the oxyd. Rose, determining 
both the chlorine and the chrome in the red volatile liquid pro- 
dueed by the action of sulphuric acid upon a mixture of chlorid 
of sodium and chromate of potash, found a great loss in his 
analysis; and that the chlorine was in quantity to combine only 
with a third part of the chrome. .It followed that the liquid in- 
stead of being a chlorid of chrome, corresponding in composi- 
tion to chromic acid, contained a large amount of oxygen, and 
could be considered as a compound of two equivalents of chromic 
acid, and one of perchlorid of chrome. 

Two compounds of wolfram and chlorine were known, which, 
though entirely different in appearance, were supposed, as they 
had been found to give with water hydrochloric and wolframic 
acids, to have the same composition, and to be isomeric bodies, 
The one of them, which sublimes in small, yellowish white 
scales, was shown by Rose to contain oxygen and to be in com- 
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position precisely analagous to the acichlorid of chrome, or 
ehloro-chromic acid; the other, which is red, and of a volumin- 
ous and wooly texture, he proved to be the chlorid corresponding 
to the oxyd of wolfram, (WCl,). But it was only after twenty 
years labor with the similar compounds of the tantalite group, 
that experience taught him the precautions which are necessary 
to ensure their perfect separation. 

Analogous in composition to these bodies, is the compound of 
sulphur, oxygen and chlorine, (SCIO, or SCl, + 2SO;,) discov- 
ered by Regnault, to which Rose added a large class formed by 
the action of anhydrous sulphuric acid upon the chlorids of sul- 
phur, phosphorus, selenium and tin. 

In the papers on the chemical decompositions produced by 
water, its solvent action, in which the complex particles of a 
compound may be conceived to be separated from one another, 
is distinguished from the chemical effects in which water acts in 
virtue of its quantity, rather than by the exercise of zny power- 
ful affinity. Here the compiex particles are not merely distri- 
buted through the liquid, but their components are divided and 
forced into new states of combination. ‘The research is an illus- 
tration of the law of Berthollet, according to which the mass, 
or chemical quantity of a body, may take the place of strong 
affinity. If the law be admitted, and it is unquestionably true 
in many cases, there is no reason why a compound, however 
strong the affinities by which its particles are held together, may 
not be decomposed by the feeble action of any third body which 
acts upon it in sufficient quantity. And we see, says Rose, in 
nature, where the action is longer continued than it can be in 
the laboratory, firmly united compounds gradually disintegrated 
by bodies of such feeble affinities as carbonic acid and water. 
Water acts sometimes as a base, uniting with the acid and sepa- 
rating the base with which the acid was previously combined, 
as oxyd, or as a basic salt; at other times as an acid, entering 
into combination with the base, and displacing its original acid. 
The subject is illustrated by examples of this decomposing ac- 
tion, of which Rose had mentioned a remarkable case in a former 
paper. A concentrated solution of borax gives with nitrate of 
silver a white precipitate of borate of silver, which is soluble in 
a not very large quantity of water. But if the solution of 
borax be very dilute, it produces no longer the white borate, 
but a brown precipitate of oxyd of silver. The borax has been 
decomposed by tlie water into boracie acid and soda, which 
latter acts as though the acid were not present. This action of 
water is also shown when a strong solution of borax is colored 
with litmus, and a little free acid is added until the liquid has a 
slight reddish tinge: on diluting with water, the blue color is at 
once restored. 
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The decomposition of the acid sulphate of potash by water 
into neutral salt which can be made to crystallize, and free acid, 
mixed with acid salt, is also brought forward: by dissolving the 
salt in the proper quantity of water, intermediate compounds 
can be formed, which, however, seem when crystallized to be in 
atomic proportion. The same action is the cause of the separa- 
tion of some double salts into their constituent simple salts by 
solution and crystallization, which especially happens when they 
differ much in their solubility. Other double salts resist to a 
greater or less degree this action. Probably of the same nature 
is the fact which has since been noticed, that crystals of double 
salts may be obtained which are not in atomic proportion: the 
decomposing action of water seems to overcome the tendeney of 
crystallization to produce definite compounds. Whether in these 
cases the water takes the place of one of the simple salts in the 
crystal, is a point which has not yet been sufficiently determined. 

A soluble salt may, on the other hand, be protected from the 
action of water by combination with one which is insoluble. 
Sulphate of baryta, if precipitated from solutions containing 
nitric acid, is well known in analytical operations to take down 
with it small quantities of nitrate of baryta, which a long con- 
tinued washing is required to remove. [And carbonate of ba- 
ryta, prepared from the nitrate or chlorid with carbonate of am- 
monia, always contains nitric or chlorhydric acid, which, at least 
in any quantity, it is impossible by water to free it from. The 
only way by which the pure carbonate could be obtained was 
by leading carbonic acid into a solution of caustic baryta.}] The 
native carbonate of soda and lime, the mineral Gay-Lussite, 
gives up, according to Boussingault, but little of its soda to 
water: while carbonate of soda or of potash can retain carbo- 
nate of lime in solution, and deposits it by exposure to cold as 
a white crystalline powder, which Bauer found to have the com- 
position of Gay-Lussite. 

The action of water upon the metallic chlorids had been be- 
fore examined by Rose. He showed that where heat is evolved 
on their solution, there is reason for considering that the chlorid 
does not dissolve unchanged, but is decomposed into chlorhy- 
dric acid and a metallic oxyd. Many of these chlorids undergo 
a still further change by the action of water, by which the oxyd, 
or generally a basic salt, is separated, while it was assumed that 
an equivalent acid salt was contained in the solution, The ex- 
istence of this class of acid salts Rose denies. With some of 
these compounds, as the chlorid of bismuth, the decomposition 
is so complete, if sufficient water have been added, that in the 
liquid no trace, or only an infinitesimal one, can be detected, 
Where, as in the case of antimony, the liquid retains a certain 
quantity of the metal, Rose considers it to exist in the state of 
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neutral salt, held in solution and protected from the decompo- 
sing action of the water by the excess of free acid. By evapo- 
ration the salt can be made to crystallize; but it is then a neu- 
tral salt, and never has one of the so-called acid salts been ob- 
tained in a crystalline, or in any solid form. The separation of 
the oxyd is analogous to the precipitation of certain bases by 
carbonate of baryta, and may be regarded, like it, as a criterion 
of the feebleness of their basic properties. That water should 
not be able to separate from the basic salt the whole of the acid, 
is not surprising; for, from the basic chlorid of bismuth, the 
strongest alkalies cannot take the whole of the chlorine.’ 

The decompositions in which water acts as an acid, are exem- 
plified in the formation and composition of the greater number 
of the carbonates. That the precipitates produced by alkaline 
carbonates in metallic solutions are basic salts, was well known. 
They are regarded by Rose as compounds in which the feeble 
affinity of carbonic acid for bases is overcome by the action of 
mass of the water, which, displacing the acid, remains combined 
with the base; they are compounds of the neutral carbonate 
with the hydrate of the base. Their composition necessarily 
depends upon the nature of the base, and upon the larger or 
smaller quantity of hot or cold water which acted upon the car- 
bonate at the moment of its formation, or during the washing 
required to separate the alkaline salt. The oxyd of silver alone 
was found to be without all affinity for water; the precipitate 
produced in its solutions being under all circumstances neutral 
carbonate of silver. Even the carbonates of the alkalies were 
found to lose a little of their acid, when the solution was long 
boiled. Water was then shown to have a similar action upon 
the salts of boracic acid; and the disintegration of the natural 
compounds of silicic acid, which is constantly going on through 
the agency of water and carbonic acid, is to be ascribed to the 
same power of feeble affinities, when aided by mass, and con- 
tinued through long periods. 

It will have been seen that it was Rose’s habit to retain a sub- 
ject, often for many vears, in his thoughts, and to publish from 
time to time the results of his investigation, while in the inter- 
vals he was occupied with other works. This makes it impos- 
sible to consider his writings in strict chronological order, and 
accounts for the want of arrangement and unity which his’series 
of papers sometimes present. Could he in after years have 
collected and re-arranged the thoughts and facts which are scat- 
tered through his successive publications, as was his intention to 


* Analogous to this is the fact that the basic sulphate of mercury (HzO,SO; + 
2HgO), cannot be converted into the neutral salt by digestion, even with concen- 
trated sulphuric acid; only that portion which dissolves in the acid liquid, combines 
with the acid, and on cooling, separates, in part, as neutral salt. D. 
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do with his researches upon the acids of the tantalites, much 
would have been preserved which is now overlooked in the 
great extent of his writings, or has been lost in the imperfect 
abstracts which have been made of them. The first paper of 
his researches upon the decomposing action of water was pub- 
lished in 1851, but as early as 1839 this action was suggested as 
the cause of the production of ether in the distillation of alcohol 
with sulphuric acid. 

Of the previous theories of this process, the catalytic or con- 
tact theory attempted no explanation; it only placed the forma- 
tion of ether with a group of reactions which, from their general 
resemblance, were assumed to depend upon a common principle. 

The older theory that alcohol, regarded as the hydrate of 
oxyd of ethyl, was decomposed by the affinity of sulphuric acid 
for water, failed to show why the water distilled over with the 
ether. Liebig, assuming the formation in the first instance of 
sulphovinic acid, overcame this objection by supposing the pro- 
duction of ether and of water to be the result of two different, 
and not simultaneous reactions; the resolution of the sulpho- 
vinic acid was ascribed by him to the temperature of the boiling 
liquid. Two defects were pointed out in his theory. It was 
shown by Rose that the formation of ether takes place at a tem- 
perature inferior to that at which sulphovinie acid is decom- 
posed; and it was objected that the theory supposes the forma- 
tion and decomposition of this acid in the same liquid. The 
latter objection had especial force after it was shown by Mits- 
cherlich that the production of ether continues when the alcohol 
is supplied in the state of hot vapor, where no great difference 
of temperature in the portions of the liquid is possible. 

Rose, holding to the view of Liebig that sulphovinic acid is 
first generated, and that the formation of ether and water is the 
result of different actions which do not occur at the same mo- 
ment, considered the decomposition of the sulphovinic acid to 
arise from the action of water, combining as a base with the 
sulphuric acid and displacing the oxyd of ethyl. Water acts in 
his view upon the double sulphate of water and ethyl precisely 
as it does upon the salts of feeble bases, like bismuth or anti- 
mony. The difficulty lies here again in conceiving the formation 
and decomposition of the sulphovinic acid in the same liquid. 

In considering the possibility of the formation and decompo- 
sition of a compound under the same circumstances, two cases 
should, we think, be distinguished. When sulphovinie acid is 
decomposed by the basic action of water, there may be another 
cause beside the affinity of the sulphuric acid for water, which 
prevents the reunion of the water with the — of ethyl. For, 
were they to combine, there would be a reproduction of alcohol 
in the same liquid in which it had just been decomposed. It 
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might consequently be again resolved into sulphovinic acid and 
water, and the process be continued indefinitely without giving 
rise to any new product. Such a perpetuwm mobile is as incon- 
ceivable in chemistry as in mechanics. The fact that alcohol, 
if reproduced, would be immediately again decomposed, seems 
to show that the balance of affinities cannot be in favor of its 
formation. It may then be the decomposing action of the sul- 
huric acid upon alcohol which prevents the combination of the 
iberated oxyd of ethyl with water. The production of alcohol 
instead of ether, when a not very concentrated solution of sul- 
phovinic acid is distilled, does not prove that the same solution, 
with the addition of sulphuric acid, would not give the opposite 
result. The direct experiment could, of course, give only an 
ambiguous result. 

The case is, however, very different when alcohol is first re- 
solved into sulphovinic acid, and this acid is in turn decom- 
posed, not back again into alcohol, but into the two new pro- 
ducts, ether and water. It is conceivable that the existence of 
such a transition stage may be the cause of the ultimate decom- 
position of alcohol into ether and water. The duration of the 
sulphovinic acid is of no consequence in the production of ether; 
and if decomposed at the moment of formation, there would be 
apparently an action of contact, or catalytic action, on the part 
of the sulphuric acid. May not many, if not all, of the reac- 
tions which are ascribed to catalysis be really the result of the 
formation and direct decomposition of some compound, which 
have succeeded each other so rapidly that the compound itself 
has escaped our notice ?* 

Several facts, some of which have been discovered since the 
publication of Rose’s paper, favor his view of the decomposition 
of the sulphovinic acid by the action of water. In the ordinary 
process for the preparation of ether, the greater the proportion 
of sulphuric acid which is added to the alcohol, the higher must 
the temperature of the mixture be raised; that is, where the 
action of water is counteracted by its union with a concentrated 
acid, a higher temperature is necessary to weaken its affinity for 
the acid and enable it to act as if uncombined. In the opposite 
case, when sulphovinic acid largely diluted with water is sane 
alcohol and not ether distils over. The ether, at the moment of 
formation, meets with no sufficient impediment to its reunion 
with the water. Frankland and Reynoso have shown that bro- 
mid, and iodid, of ethyl, when heated with water in closed tubes, 
are resolved into hydro-bromic or iodic acid, and ether, together 


* M. Barreswil (Ann, Ch. Phys., [3], xx, 364) has, we find, previously advanced 
this view of the nature of catalytic action ; his paper contains also a marked case 
of the formation of a compound, and its subsequent resolution into new products 
in the same liquid, 
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with other products of decomposition. Reynoso found that 
when sulphuric acid and alcohol were heated under pressure, 
more or less sulphovinie acid was produced in the greater num- 
ber of cases; and only when a very dilute sulphuric acid was 
employed, could none of this acid be detected. 

The experiment of Graham, which is quoted by Prof. Miller 
as opposed to Rose’s view, seems capable of a different explana- 
tion. 100 parts of oil of vitriol, 48 of alcohol of sp. gr. 0-841, 
and 18°5 of water, were heated in a closed tube to 148° C. for one 
hour. The alcohol was evidently decomposed by the large 

uantity of acid, and no stratum of ether formed upon the sur- 
ace of the fluid. The tube was opened, and the fluid divided 
into two equal portions. One of the portions was mixed with 
half its volume of water, and the other with half its volume of 
alcohol, and both sealed up in glass tubes and again exposed to 
148° C. for one hour. 

It would be expected, says Prof. Graham, on the ordinary 
view of water setting free ether from sulphovinie acid, that 
much ether would be liberated in the mixture above, to which 
water was added. The ether which separated, however, 
amounted only to a thin film, after the liquid had stood for 
several days. In the other liquid, on the contrary, to which 
alcohol was added, the formation of ether was considerable, a 
column of that liquid appearing which somewhat exceeded half 
the original volume of the alcohol added. 

This is, however, not opposed to the views of Rose. It is 
well known that if, in the preparation of ether by the usual 
process, a too dilute alcohol be employed, so that the acid be- 
comes diluted beyond a certain point, the formation of ether 
ceases, and the alcohol distils over unchanged. In the portion 
of the liquid to which Prof. Graham added water, the affinity of 
the sulphuric acid may have been so weakened that it was un- 
able to prevent the recombination of the ether with water; for, 
as has been said, diluted sulphovinic acid gives, on distillation, 
not ether, but alcohol. 

The more recent theory of Williamson, of the constitution 
and furmation of ether, offers no other explanation of the de- 
composition of the sulphovinic acid than the tendency to dupli- 
cation of the atomic weight, which Prof. Graham has ascribed 
to a “polymerizing action” of sulphuric acid; to this, however, 
at present, no more meaning can be attached than to the older 
term “catalytic action,” of which it is, indeed, but a special case. 

Nowhere are the qualities of Rose’s mind, his perseverance, 
his clearsightedness and his earnest love of truth, more clearly 
shown than in his investigation of the acids of the tantalites. He 
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was engaged upon it nearly twenty years, and to within a short 
time of his death; the papers upon it extend through nineteen 
of the volumes of Poggendorff’s Annals. It was his intention 
to collect these papers into one memoir for the Berlin Academy ; 
but this purpose was not to be accomplished. 

His researches led him in the end to results in the highest 
degree curious, and without a parallel in the history of the sci- 
ence. They present the nearest approach which has yet been 
made to the transmutation of an element. Their point of inter- 
est has however been sometimes overlooked, and the research 
regarded but as a detailed account of the properties of bodies 
possessing little interest or importance. For the minerals are 
found in few places and in small quantities, and the acids which 
distinguish them are not characterized by well marked chemical 
affinities. For by far the greater part of our knowledge of them, 
and for all that we know of them individually, we are indebted 
to his work. 

Rose was led to the study of the tantalites by an observation 
of his brother, Prof. Gustav Rose, that the tantalites of Bavaria 
and of America have the crystalline form of wolfram, while 
the tantalites proper of Finnland belong to a different system. 
His attention was also attracted by the fact, that while the tan- 
talites of Bavaria and America, the columbites, and the acids 
derived from them, had been shown by Wollaston and Thomson 
to have a lower specific gravity than the tantalite and tantalic 
acid of Finnland, the columbites themselves from the same lo- 
cality, and having the same form and composition, possessed 
different specific gravities; as did also the acid which they con- 
tained. He was hence led to suspect the presence of more than 
one acid in the columbites, by which their varying densities 
might be accounted for. 

In 1844 the existence in the columbites of a new element was 
announced, which he named Niobium, from the daughter of 
Tantalus. Rose obtained, by heating the acid of the columbite 
mixed with charcoal in a current of chlorine, not only the yel- 
low chlorid which the acid from the tantalite gave, but also a 
white sublimate, which was the chlorid of the new metal. 

In 1846 Rose discovered that the yellow chlorid from the co- 
lumbites was a different substance from that obtained from the 
tantalic acid; he considered it to be the chlorid of another new 
metal and gave it the name of Pelopium. The tantalites, then, 
contained tantalic acid, the columbites the niobic and _ pelopic 
acids. ‘There is a greater resemblance,” says Rose, “ between 
the tantalic and pelopic acids than between the compounds of 
any two other metals; the properties of the niobic acid, on the 
other hand, are very different from those of the others.” Still 
the separation of the chlorids of niobium and pelopium was at- 


Heinrich Rose. 323 


tended with the greatest difficulties. ‘I do not exaggerate when 
I say that the chlorid of niobium could not be considered as 
quite free from pelopium until the conversion of the acid into 
chlorid had been repeated from twenty to thirty times.” This 
was the second stage of the research; Rose’s remark gives some 
idea of the immense labor with which it was attended. 

For seven years Rose was now occupied in studying the prop- 
erties of the two acids, on the supposition that they were the 
oxyds of different metals, when, at last, their true nature was 
disclosed to him by a fortunate accident. And how many great 
discoveries have been owing to accident! to accident in the 
hands of one who knows how to make use of it! 

A small quantity of the purest niobic acid had been mixed 
with a larger proportion than usual of the sugar which by igni- 
tion furnished the charcoal. ‘The mixture happened to be 
heated very gradually in the current of chlorine, and the niobic 
acid gave, instead of the white chlorid of niobium, the purest 
yellow chlorid of pelopium, unmixed with a trace of white. 

The writer was that morning in the laboratory; he knew 
nothing of what was going on, more than that the apparently 
never ending experiments with the tantalic acids were being 
continued, when the remark was made, “I have the idea that 
niobium and pelopium are but one and the same substance ;” 
and repeated experiments soon enabled Rose to produce, from 
either acid, either chlorid at will. 

It might be supposed that the two acids and chlorids are iso- 
meric modifications of the same matter; but the yellow chlorid 
of pelopium was found to contain more chlorine than the white 
chlorid, and consequently the pelopic acid is a higher stage of 
oxydation of the niobie. Pelopium having disappeared as a 
separate element, the names of the acids were changed to the 
hyponiobic and niobic acid; so that what was before the pelopic, 
becomes now the niobic acid. 

The hypochlorid of niobium, once formed, cannot be changed 
into the chlorid by the further action of chlorine; but as the 
chlorids by contact with water give rise to the corresponding 
acids, and either chlorid could be produced at will from the acid, 
here was a means of converting the one acid into the other, 
And this is the only way in which the hyponiobic can be oxyd- 
ized to the niobie acid; the most powerful oxydizing agents are 
incapable in any known way of effecting this change. And what 
is still more remarkable, the acids retain their peculiarities, their 
individuality, when submitted to the different blowpipe tests, 

From either the hypofluorid or the fluorid, metallic niobium 
can be obtained by the action of potassium; and the metal is 
the same from whichever it may have been derived. But when 
the metallic niobium is again oxydized, the product is always 
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hyponiobic, and never the niobic acid. So that here again isa 
means by which, through the metal, the niobic may be changed 
into the hyponiobic acid; but not the contrary. 

By the action of bisulphid of carbon, or of sulphuretted hy- 
drogen, the two acids are readily converted into sulphids; and 
they may also be made to combine with nitrogen. But when 
these compounds are reconverted by direct oxydation into acid, 
the acid is always the same as that from which the sulphid or 
the nitruret has been formed. In this way no conversion of 
them is possible. Of this, Rose says “it is a phenomenon which 
has no analogy in chemistry; for the two acids behave in this 
respect not like the oxyds of one and the same metal, but of two 
different metals. The tendency to the formation of the one or 
the other acid must have existed in the metal of the sulphid 
previous to its oxydation. The subject had now touched upon 
ground which is as yet hidden from us by an impenetrable veil.” 

This is the point of interest in the history of these bodies; 
“this it is,” says Rose, “which has induced me to devote so 
much time and labor to their investigation,” 

Throughout his life Rose was a firm supporter of the atomic 
system introduced by his master, Berzelius, and maintained the 
propriety of retaining the double atom for the bodies of the hy- 
drogen and phosphorus groups. In the course of his investiga- 
tions of the minerals known under the name of tetrahedrite, he 
became impressed with the necessity of halving the atomic 
weight of silver. Only on the supposition that the sulphurets 
of silver and of copper are isomorphous, and capable of repla- 
cing each other in indefinite proportions, could he explain the 
composition of these ores, or assign to them a rational formula. 
His later analyses of the mineral first recognized by his brother, 
Prof. Gustav Rose, and called by him polybasite, and especially 
of stromeyerite, which under the crystalline form of sulphuret 
of copper is a mixture of the sulphurets of silver and copper in 
various proportions, confirmed him in the correctness of his 
view. In 1857, he reviewed these facts in a carefully written 
paper upon the Atomie Weight of the Elementary Bodies. He 
shewed, in the first place, that the assumption of the double 
atom, and consequent halving of the atomic weight of H, Cl, I, 
Br and N, and of P, As, Sb and Bi, was in accordance with the 
chemical nature of their compounds, as well as with their iso- 
morphous relations, their volume as permanent gases, and their 
specific heat. He then proposed to extend the division of the 
atomie weight to silver and the three metals of the alkaline 
group, If the isomorphism between the sulphurets of silver 
and copper require the atomic weight of the former to be halved, 
the isomorphous relations of the oxyds of silver and sodium 
make the same change necessary in regard to the latter. As 
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an argument for altering the formula of the alkalies, Rose 
brought forward the fact that there is no known instance, at 
least in artificial products, of the isomorphous substitution of an 
alkali in place of a compound of equal atoms of metal and 
oxygen. An objection to the proposed change, however, is that 
the suboxyd of silver would then have the extraordinary com- 
position of four atoms of metal to one of oxygen. This objec- 
tion has weight, said Rose, so long as such a composition re- 
mains an isolated fact; but should other similarly constituted 
compounds be discovered, in the progress of science, it would 
necessarily lose its force. 

The subject occupied Rose’s thoughts, and led to many at- 
tempts to form compounds which would be admitted to contain 
four atoms of a metal combined with one of oxygen. In Octo- 
ber, 1863, in the last paper which he wrote, he communicated 
the discovery of a lower stage of oxydation of copper, which 
has unquestionably this composition. 

It was a fitting consummation of his labors that the view 
which he had advanced in his earlier works, and maintained 
throughout his life, should be so strikingly confirmed at its close, 

Rose’s reputation will, however, we think, rest mainly upon 
the prodigious impulse which his works gave to the study of 
analytical chemistry. To understand how this effect was pro- 
duced, we must look at the condition of the science previous to 
his time. 

Analytical chemistry had its rise in, and was first occupied with, 
the examination of natural products. Passing by the names of 
Wenzel, of Bergman, Scheele, and Kirwan, the earlier fathers 
of analysis, whose works have now only an historical interest, 
we find in Kiaproth a man whose whole life was devoted to 
mineral analysis, and who connected, in point of time and by 
the accuracy of his results, the older chemists with the later 
school of which Berzelius was the head. He was, as has been 
mentioned, one of Rose’s first masters. At this time, the close 
of the last, and the early part of the present century, Fourcroy 
and Vauquelin in France, and Stromeyer in Germany, were also 
especially engaged with the examination of minerals and other 
inorganic bodies. Lampadius, of Freiberg, now best known for 
his metallurgical essays, and as the discoverer of —— of 
carbon, published in 1801 a Treatise upon Mineral Analysis, to 
which he added a Supplement in 1818. The works of Klaproth, 
however, were the most important in their bearing upon ana- 
lytical science. He introduced the use of caustic alkalies in the 

ecomposition of siliceous minerals, and was the first to draw 
attention to the necessity of properly drying or igniting the sub- 
stances to be weighed. Klaproth’s Essays were unsurpassed in 
their time, and retain their value as original works of experi- 
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ment. Still, when we compare his analyses with those of Rose, 
which followed them after an interval of but a few years, we 

erceive an abrupt transition, a great change which the science 
fad in that time made. To whom was this step due? Not to 
Rose, for his career was but just begun. 

A short time after the death of ey ow, a Text-book on 
Analytical Chemistry was published by Professor Pfaff of Kiel ; 
it contained the results of the most recent investig: tions, and i in 
arrangement and completeness far surpassed all previous com- 
pilations. And yet this work was so completely superseded by 
the treatise of Rose, publis shed only eight years later, that it is 
now almost forgotten. The expl: ination is to be found in the 
circumstances under which the two treatises were compiled. 

The work of Pfaff was the exponent of the analytical views 
of Stromeyer and Klaproth, and the other chemists of that 
school; the treatise of Rose contained the new and more precise 
ideas of analysis which the experience of Berzelius had devel- 
oped. But Berzelius, though he has written a text-book upon 
general chemistry, which is a model for clearness and simplicity 
of style, has left no separate treatise upon analytical chemistry. 

Rose, during the years spent at Stockholm, had ample oppor- 
tunity of le: arning the new methods, and the accuracy in the op- 
erations of analysis which Berzelius introduced; he now sup- 

lied this want, and diffused the knowledge which had been 
hitherto confined to the immediate pupils of Berzelius. The 
processes of analysis had lost much of their tediousness and re- 
pulsiveness from the smaller quantities upon which they were 
effected; and the appropriate manipulations were described by 
Rose with so much clearness, that they were rendered practicable 
to all who had attained a moderate proficiency in the science. 
With the appearance of Rose’s treatise, a new era was opened 
to analytical chemistry. 

In the preface to the last French edition of 1859, he has him- 
self given the best account of his great work. 

“My first edition, published in 1829, was in one volume; it 
was intended principally for beginners. It contained the first 
attempt at a systematic plan of qualitative analysis. This plan 
has been retained, without essential change, in all the later edi- 
tions. My book has, perhaps, been the means of introducing 
the study of analytical chemistry into Germany; and I have 
had the satisfaction of seeing the plan which I had laid down 
adopted in all subsequent treatises upon analytical chemistry. 

The course to be pursued in qualitative analysis, should, 
seems to me, be preceded by an account of the reactions of the 
separate bodies. ‘This preliminary knowledge enables us to 
choose the reagents best suited to the substances which have 
been separated, or indicates in doubtful cases all the reactions 
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by which their presence may be ascertained. This part of my 
work has been enlarged, in each new edition, by numerous ex- 
periments, The rarer substances have always more particularly 
attracted my attention; and I have given to them the more con- 
sideration, in proportion to the difficulties of their detection and 
recognition. 

I am now arrived at an age at which self-deception is no 
longer possible; I am about to revise my work for the last time. 
I should, then, seek to make it as a as possible. Im- 
pressed with this feeling, I engaged in the task with ardor. I 
collected all the facts with which the labors of chemists have 
enriched science in the last eight years; ] submitted them to 
examination in the laboratory, and I added to them the results 
of the many researches which I have myself undertaken for the 
sake of this work. Lastly, every portion of the book has been 
carefully revised, and I do not hesitate to say that, after so much 
pains, it is become an entirely new work, rather than a new edi- 
tion of my former Manual. 

My work is now no longer intended only for beginners; I ven- 
ture to hope that it may be consulted in doubtful cases even by 
experienced chemists.” * 

One circumstance is omitted in this simple statement: it is 
the complete success of his work. From its first appearance, 
and through all the alterations which it has undergone in 
successive editions, it has maintained its place as the stand- 
ard authority upon analytical chemistry. Of the many works 
which have since been written upon the subject, not one has 
assumed to compete with it. As diffusing the knowledge ac- 
quired under Berzelius, as containing the results of his own 
researches, and his revision of those of other chemists, and, 
finally, as offering in a practical form a compendium of the 
whole science, Rose can claim a three-fold merit for his book. 
In his last year he was engaged in preparing an abridgment of 
his great work, for which a number of new experiments were 
making. About thirty sheets of it were printed at the time 
of his death. The modesty which led him to avoid mention of 

* While we fully appreciate, from our own experience, the great utility of the 
general scheme of qualitative analysis devised by Rose, and feel how much the sci- 
ence is indebted to him for its introduction, we venture to suggest that the value of 
such a scheme consists, in the first place, in its teaching the beginner not to rely 
upon the action of individual tests, but methodically to separate each constituent 

revious to their application; and secondly, as furnishing a general idea of the mode 
in which all analysis ought to be performed. We would regard the scheme as a 
means of learning analysis rather than of practising it: and believe that a famil- 
iarity with quantitative analysis, which requires the student often to depart from 
the process laid down for qualitative examinations, and to recognize and think about 
the action which the constituents of a compound exercise upon each other, is the only 
means by which he can learn surely to detect them; and that qualitative analysis 
cannot be performed with certainty, so long asthe operator consents to follow gen- 
eral plans, or, still worse, systematically arranged tables. 
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himself, makes it difficult for one not familiar with his writings 
to judge how much of his work is derived from his own inves- 
tigations. We would suggest, in justice to Rose, and as a ineans 
of trac ng in his book the progress of the science, that should 
another edition be published, it be furnished with references to 
the original sources. 

In an early paper on Iron as a Constituent of the Blood, Rose 
pointed out the effect of organic matter in preventing the pre- 
cipitation of the peroxyd of iron and alumina by alkalies, and 
that the property is peculiar to such organic bodies as are de- 
composed by heat; while those which are volatilized by a high 
temperature do not, in general, interfere with the precipitation. 
He called attention to the error which may be introduced into 
analysis by the production of soluble organic matter from the 
action of nitric acid upon the paper of the filters; and showed 
how this property may be made available in such analytical op- 
erations as the separation of titanic acid from the oxyd of iron. 
The same idea had occurred to Berzelius, who used it in the 
separation of zircona; it was afterward proposed by Otto as a 
means of separating phosphoric acid from feeble bases, and is 
ascribed to him by Rose without the slightest reference to the 
previous application of the same principle by himself. 

His examination of the acichlorid of chrome, or chlorochro- 
mic acid, suggested to Rose the means of solving a problem of 
great difficulty—the detection of minute quantities of chlorine 
in compounds containing bromine or iodine. ‘The decomposition 
of the natural aluminates, and the use of the acid sulphate of 
potash in their analysis, were taught by him; he first showed 
that the silica which had been found in these minerals did not 
belong to them, but was derived from the mortar in which they 
had been pulverized. 

In his analysis of the hypophosphite of cobalt, he discovered 
the property of the oxyd of this metal to combine with a fur- 
ther and indefinite quantity of oxygen by ignition; and he met 
the difficulty by reducing the oxyd by hydrogen, and determin- 
ing its weight in the metallic state; a proceeding which has 
since been universally adopted. 

We owe to Rose the use of chlorid of ammonium and of cy- 
anid of potassium in the dry way in quantitative analysis, as 
also that of fluosilicic acid. The different behavior of strong 
and feeble bases toward carbonate of baryta, which he had in- 
vestigated and shown to be one of their distinguishing charac- 
ters, was also made use of to effect their quantitative separation. 
The sesquioxyds, in general, are precipitated; while the stronger 
bases which contain only a single atom of oxygen are not 
hrown down by carbonate of baryta at the ordinary tempera- 
ure. To this, as to all general laws, there are exceptions, de- 
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pending partly upon the peculiar nature of the metal of the base, 
partly upon the acid with which it is combined, and somewhat 
too upon the time during which the action is prolonged. His 
separation of cobalt and nickel was one of the applications of 
this principle. 

The estimation of chlorine in liquids containing sulphuretted 
hydrogen was attended with a source of error, until Rose indi- 
cated the proper way of removing the latter by a salt of per- 
oxyd of iron. If the sulphur be separated by combining it 
with a metal, whether by the use of a soluble or insoluble salt, 
or of the metal itself, the sulphuret always contains a portion 
of the chlorine; the nature of this compound Rose also de- 
scribed. 

The separation of the boracic, fluohydric, and especially 
phosphoric acids, from the various bases, was most elaborately 
investigated, as was also the analysis of the sulphurets of the 
higher metals by the use of chlorine. We owe to him processes 
for the determination of tin, antimony and arsenic, and their 
separation from other metals by fusion with carbonate of soda 
and sulphur. 

One of his latest analytical works, which, though contained 
in the French edition of his treatise, was published for the first 
time in German in the last year of his life, was the estimation of 
many of the more frequently occurring metals by ignition with 
sulphur in an atmosphere of hydrogen. 

Rose’s style is simple and clear; it is that of one who hasa 
story to tell, and tells it in the plainest words, Its fault is dif- 
fuseness, arising from his ease of expression. It would seem 
that he did not give as much attention to the composition of his 
papers as to the execution of the research; his results were com- 
municated from time to time as they were obtained, without al- 
ways waiting until they could be methodically arranged. Hence, 
though his works show the thought which he gave to his subject, 
and the skill with which he conducted his experiments, they 
have not the finished character of the essays of Gay-Lussac. 

The leading traits of his mind were love of truth and exact- 
ness, and the absence of vanity and affectation. Absorbed in 
his pursuits during the whole day, he yet did not consider him- 
self a hard working man; for, as he once told us, “I do nothing 
in the evening: I only read the scientific journals.” His industry 
increased instead of diminishing with his age. <A year before 
his death, he said, “I have at most but a few years to live—and 
vet so much remains to be done!” In his last years he allowed 
himself scarcely an hour in the day for ahy other recreation 
than a long walk, which he took at dark throughout the year 
and in all weathers. The kindness of his feelings was shown 
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in his intercourse with the young men whom he admitted into 
his laboratory ; they were constantly invited to his house, and 
received into his family circle, or presented to the distinguished 
guests whom he had assembled. Many of our countrymen will 
recall with gratitude how Berlin was made to them like home 
by the cordial welcome of Rose. 

In the beginning of the present year, the life that had accom- 
plished so much, and which his friends hoped might yet long be 
spared, was suddenly brought to a close. But a week before 
his death, Rose was in his lecture-room. On the day of his 
death he asked for his proof-sheets, saying that he felt much 
better‘and should soon again be well. He died in the afternoon 
of the 27th of January, of an inflammation of the lungs, after 
an illness of only six days.° 

Born in nearly the same year, his fellow-student in the labo- 
ratory of Berzelius, and Professor at the same University, Rose’s 
death took place within a few months of that of Mitscherlich. 
Differing completely in their dispositions and in the nature of 
their minds, it is not surprising that their course in life and their 
success should have been unlike. They agreed only in this, 
that they both attained the highest eminence. It was Mitscher- 
lich’s fortune to make, in his twenty-fifth year, one of those 
great advances which open a new prospect in science. It wasa 
step for which the age was waiting. It had been prepared by 
the labors of Leblanc, of Gay-Lussac, and of Beudant; it had 
almost been anticipated by the theory of Fuchs, There was 
wanting but the last idea for the genius of Mitscherlich to con- 
ceive. No such discovery fell to the lot of Rose. His works 
were eminently his own. Appropriating to himself a science, 
then in its infancy, but with rich materials for its development 
at his hand, Rose labored with untiring zeal, until he had built 
up its every part into a perfect and enduring monument of his 
industry and his skill, D. 


* Of Professor Rose’s immediate family, there remain his widow, and a grand- 
daughter, the child of his only daughter who died a few years since, not long after 
her marriage with Prof, Karsten. 
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Art. XXXIL.—On the cellular structure of Actinophrys Eichornit ; 
by Professor H. JaMES CLARK.* 


THE structure in the genus Actinophrys is particularly inter- 
esting, because of its manifesting a step higher than the simple 
homomorphous organization of Amoeba, as described by Prof, 
Wyman. Prof. Clark, in his communication on this subject, re- 
ferred to Kolliker’s observations in 1849, as recorded in the Zeit- 
schrift fiir wissenschaftliche Zodlogie, and showed that, even suppo- 
sing Kolliker to be correct, the division of the mass of the body 
into an exterior and an interior portion, the former containing 
much larger vacuoles than the latter, indicated a heteromorphous 
organization, and tended toward specialization of parts. He also 
added that he could not agree with Kolliker, that Actinophrys 
is a homomorphous mass with vacuoles, but that he was convin- 
ced that the so-called vacuoles of the outer and inner layers are 
true cells, with a distinct wall about them; a wall that could be 
easily recognized with the help of the better sort of microscope- 
objectives of the present day. Owing to the exceeding transpa- 
rency of the organism, no ordinary objective will show the walls; 
but, with a one-quarter inch lens, of one hundred and fifty de- 
grees angular aperture, made for him last June, by Tolles, of Can- 
astota, N, Y., he had no difficulty in working, with the proper 
adjustment and corrections, through a sufficient depth of water 
to completely cover the Actinophrys (A. Eichornii), and could 
readily detect the walls, not only of the superficial cells, but also 
of the innermost ones.’ 

What is remarkable, too, the pseudopodia, as frequent and 
careful observations have led him to determine, invariably alter- 


* From the Proceedings Boston Soc. Nat. Hist., 1863, p. 281. 

* The unprecedented working distance, which accompanies the great angle of aper- 
ture in the above-mentioned lens, prompts me to speak more fully of its excellence, 
It has been the chief desideratum of naturalists to obtain a large increase in the 
working distance of those lenses which have a great angle of aperture; but, hitherto, 
the latter condition has seemed to involve necessarily an excessively short working 
distance, and consequently great inconvenience in the investigation of all bodies 
which are not correspondingly thin. The idea of studying marine animals in their 
native element, with such lenses, could never be indulged in, for fear of ruining the 
objectives, by contact with salt water. At last we are relieved from this restraint, 
for within the last four or five years a great improvement has been made in this 
respect by opticians, at least by Mr. Tolles. The most recently constructed lens 
which I have received from that gentleman was made last June; it is a one-quarter 
inch objective, with an angular aperture of one hundred and fifty degrees, and a most 
unexpected working distance of one fiftieth of an inch for uncovered bodies. By 
experiment, I also find that it works through a glass covering, fully one-fortieth of 
an inch thick, and with some room to spare above that. The working distance 
through water [ have not measured accurately ; but that can be inferred from the 
difference between its refraction and that of glass, The defining power of this lens 
is certainly unsurpassed, if not unequalled.—un. J. c. 
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nate with the cells of the exterior layer; that is, they are prolon- 
gations of the intercellular amorphous substance of the body. This 
fact would seem to add to the proof that the so-called vacuoles 
are really cells; otherwise it would be hardly credible that sim- 
ple vacuoles, which come and go in an amorphous substance, 
should always alternate with the pseudopodia. 

Sometimes a pseudopod moves very rapidly, especially when 
it has seized upon some victim, for then it retracts with a sudden 
jerk, and draws the prey close to the body, which finally engulfs 
it in the same manner as does Amceba. The pseudopodia ex- 
hibit an adhesive power, which is remarkable when we consider 
the size of the animals which are sometimes drawn in by them, 
and, in this respect, remind one of the ‘“‘ adhesive vesicles” in the 
anchors of Lucernarix, which hold fast to bodies with the great- 
est tenacity, and, to all appearance, by simple contact, just as 
glue and mucus adhere to anything which touches them.” In 
a Difflugia (very near D. proteiformis) Professor Clark had ob- 
served that, whenever the pseudopodia contract, they invaria- 
bly become strongly wrinkled transversely; and, as he could 
not detect the least trace of an envelope, or wall-like layer, on 
this part of the body, he believed that the wrinkling is peculiar 
to the substance of the pseudopodia, 


Art. XXXIIL.—On the Origin of the Prairies of the Valley of the 
Mississippi; by Professor ALEXANDER WINCHELL.’ 


THE diversity of opinions in existence regarding the cause or 
causes of the absence of trees from the prairies of the valley of 
the Mississippi is, of itself, sufficient proof that no satisfactory 
theory of this phenomenon has as yet been advanced. In the 
mind of the writer, a conviction has for some time been growing 
up, that we may discover the origin of the prairies in the last 
great geological revolution of the globe. The boldness of some 
of the suggestions about to be offered, ought not to prevent the 
presentation of them to the judgment of the scientific world. 

In discussing the origin of the prairies, it is to be borne in 
mind that there are two facts to be accounted for—1st. The 
Lage peculiarities of the soil and subsoil of the prairies—2d, 

he absence of trees from these areas, in cases where no obvious 

* See my paper on “Lucernaria, the Canotype of Acalephe.” Proc. Bost. Soe. 
Nat. Hist., ix, p.52, 1862; and also reprinted “with additions and notes,” in 
this Journal, [2], xxxv, 346. 

? The original views presented in the following paper were first shadowed forth 
in an article in the Ladies’ Repository for May, 1863. The theory was more fully 
elaborated in a paper read before the Illinois Natural History Society, at Spring- 


field, in June, 1863. As this paper has not as yet been published, I embrace the 
opportunity of presenting a recast of my views in the present form. 
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cause exists. The first fact is brought into consideration under 
the first of the following propositions; the other is discussed 
under the propositions which follow the first. 

1. The soil of the Prairies is a Lacustrine Formation. 

Some of the older writers on the prairies, confining their at- 
tention to the so-called “ wet prairies,” so common in Ohio and 
Michigan—now usually termed “marshes,” “‘swales” and “bogs” 
—found little difficulty in discovering the true origin of this 
class of prairies, and in proving that the humidity and sourness 
of the soil were the real causes of the absence of ordinary upland 
trees from their surface. Other writers, whose observations 
were made upon the dry and rolling prairies of Illinois, saw no 
immediate evidence of the aqueous origin of the soil, and knew 
no cause but the annual burning of the grass, for the remarkable 
absence of arboreal vegetation. It is this class of prairies to 
which the present discussion applies. They are conceived to 
have their origin in more general causes than the marshes and 
swales before mentioned. The latter have not had a simultane- 
ous origin, and the causes which have brought them into exist- 
ence have been local and limited in their influence. Being pro- 
duced by the filling of ancient lakes, one has become a prairie 
at one epoch, another at another; and the work of filling lakes 
and forming wet prairies of this class is still in progress. For 
these reasons, a distinction should be carefully made between 
the wide, rolling prairies of Illinois and contiguous states, and 
the local swales of that or other states. 

The lacastrine origin of the prairie soil is shown, first, by its 
physical characters. Not only has it the fineness, color and veg- 
etable constitution which characterizes such soil, but we actually 
discover in it abundant remains of lacustrine shells, disseminated 
hundreds of miles from the present limits of the lakes. If, 
among older formations, we are permitted to infer the origin of 
the sediments from the nature of the included organisms, the 
evidence from testaceous remains is not less conclusive as to the 
nature of the prairie sediments. 

The lacustrine origin of the soil is shown, secondly, by the 
necessary effect of geological changes of level which are gener- 
ally admitted to have taken place. From the head of lake 
Michigan, ail the way around the lakes to Niagara river, exist 
the well known evidences of a former higher level of the waters.° 
Even the increased elevation depending on the position of the 
falls of Niagara at Queenston—that is to say, the level of lake 
Erie at the time when the falls began to excavate their great 


2 Hall, Geol. Rep. 4th Dist. New York, pp. 348, 383; Lyell, Travels in N. A., 
1st Visit, i, 29, and ii, 85; Desor, Foster and Whitney's Rep. L. Sup., i, 204, 212, 
ii, 248, 253; Hubbard, Mich. Geol. Rep., 1840, p. 102; Whittlesey, this Journal, 
[2], x, 31; Logan, Geology of Canada, p. 910, &e. 
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gorge—setting back through the chain of the lakes, would cause 
a rise in lake Michigan, above its present level, of 25 feet. This 
small elevation of Jake Michigan would probably open an outlet 
toward the Illinois river. But it is highly probable that the 
escarpment at Queenston, by extending further north, attained, 
in consequence, a somewhat higher elevation, at the epoch under 
consideration. It could hardly be presumed, however, that this 
was the barrier which dammed the waters of the lakes to the 
much higher level, of which we have equally the indisputable 
records. We need but refer to the well known proofs of aque- 
ous erosion along the shores of the lakes, extending from their 

resent levels to the altitude of 200 and 800 feet. Mark them 
in the escarpments of the south shore of lake Erie; in the lake 
ridges of Ohio and Michigan;* in the caverns and arches and 
purgatories of Mackinac island‘—especially in the side of 
“Sugar Loaf,” whose base is now inland and elevated 150 feet 
above the surface of the water. Whatever may have been the 
barrier which dammed the waters to these heights, the evidences 
of their former presence are incontestable. But the moment we 
grant this ancient level to the waters, they inevitably escape from 
us toward the south, through the valleys of the Illinois and Mis- 
sissippi rivers.” Turning our attention in this direction we find 
corroboration of the suggestion. The broad and deep, bluff 
lined valley of the Illinois was never excavated by the present 
inconsiderable river. The deserted river valley discoverable at 
intervals further north, indicates the former southward flow of a 
large volume of water. At Lamont, this valley is distinct, with 
its bounding bluffs and its ‘pot holes” worn in the solid rock 
of the ancient river bed. But with the waters of lake Michigan 
standing one or two hundred feet above their present level, how 
much of the region south and west of Chicago must have been 
submerged? ‘The ancient lake must have reached its arms into 
Iowa, northern Indiana and southwestern Michigan. These, the 
writer is convinced, were the relative levels of the land and water 

3 We are aware that Col. Whittlesey has attributed the higher ridges to a sub- 
marine origin, and that Sir Charles Lyell has advanced the same opinion in refer- 
ence to the ridges of lake Ontario. In regard to the latter, it will be remembered 
that lake Ontario is 340 feet lower than lake Erie, and may easily be surrounded 
by ridges of marine origin, whose level is entirely below the ridges of lake Erie. 
Further, in reference to the latter, it will be remembered that they have often been 
found to enclose lacustrine shells. To say the least, even if we do not insist upon 


the lacustrine origin of the higher ridges, the lower ones, which blend with the ter- 
races of late formation, establish a former altitude of the lakes which is quite suffi- 
cient for our present purpose. 

* Foster and Whitney, Rep. L. Sup. ii, pp. 164-6; Winchell, Mich. Geol. Rep., 
p. 128. 

* If the earlier portion of the gorge of the Niagara was undergoing excavation 
while a large portion of the waters of the lakes was being drained through the val- 
ley of the Illinois river, the force and rate of erosion must have been materially di- 
minished below the present standard by the diminution of the volume of water. 
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for a considerable period immediately following the last great 
submergence of the continent. ‘This conviction was first reached 
in the study of the prairies of Alabama, in the years 1851-2 and 
8. Shells of Unio, Melania, &c., are here incorporated with the 
soil, as in Illinois, but in much greater abundance; and the ans 
cient water-line can be distinctly traced around the bases of the 
knolls of white limestone, which rise like chalk islands from: 
the bosom of a dark and heaving sea. The aqueous origin of 
the Alabama prairies was announced by R. W. Withers,’ and 
W. W. McGuire,’ but they both adopted the evidence of marine 
fossils, so abundant in the soil, as proof of the former presence 
of the sea; and were not at all aware that the submergence of 
which they saw the proofs had nothing to do with the formation 
of the prairie soil." 

The aqueous origin of the soil of the northwestern prairies 
was intimated by George Jones in 1836,’ who compares the 
prairies and barrens of Illinois to the marshes, dykes and sand 
flats of Holland. Lesquereux, in 1856,” ascribed the general 
formation of prairies to water, and in 1861” reaffirmed his posi- 
tion in reference to the prairies of the Mississippi valley. Prof 
J. D. Whitney has distinctly asserted a lacustrine origin for the 
prairies of the northwest,” and Dr. J. S. Newberry ” has recog- 
nized the evidences of a former efflux of the lake waters over 
the Kankakee ridge in northern Illinois. The indications, in- 
deed, seem to be sufficiently patent to induce the general assent 
of living geologists to the doctrine of the lacustrine origin of the 
soil of the prairies. 

2. Lacustrine sediments inclose but few living germs. 

Of the seeds which find their way to a body of fresh water, 
one portion—embracing the seeds of the grasses and sedges— 
will float upon the surface, and eventually lodge upon the lee 
shore. Another portion—embracing the fruits of most arboreal 
vegetation—will sink to the bottom, and undergo a speedy de- 
composition. Whenever a lake or a pond has been drained, the 
bottom, remains a naked waste till the germs of vegetation have 
been gradually introduced ab extra. The gradual encroachment 
of vegetation upon the ancient domain of a lake during the pe- 
riod of its gradual drainage or gradual filling up, depends, of 
course, upon a supply of germs from the main land, 


® This Journal, xxiv, 187. 7 Tb., xxvi, 93. 


® So far as the writer is aware, he was the first to assert the lacustrine origin of 
the Alabama prairies and to maintain it—even in opposition to views then hel 
Prof. Tuomey. 

® This Journal, xxxiii, p. 225. 

® Bullet. Soc. Nat. Sci. Neuchatel. ™ See 2d Geol. Rep. Ark. 

Hall's Geol. of Jowa, i, p. 25. 

> Proc. Bost. Soc. Nat. Hist., vol. ix, May, 1862. 
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8. Diluvial deposits, on the contrary, are found everywhere re- 
plete with living germs. 

Many of the, facts upon which this proposition rests, are mat- 
ters of common observation, but the broad conclusion does not 
seem to have impressed itself upon our attention. Nothing isa 
more common observation than to see plants making their ap- 
‘pearance in situations where the same species was previously 
unknown, or for a Jong time unknown and under circumstances 
such that the supposition of a recent distribution of seeds is quite 

recluded. The following are some of the circumstances under 
which the sudden appearance of unwonted species occurs. 

Ist. When a change is produced in the physical condition of 
the soil. Left to nature, certain perennial grasses secure almost 
exclusive foothold in our fields, and form a sod in which the or- 
dinary annuals are unable to flourish. Break up the sod, after 
any number of years, and subdue the perennial grasses, and we 
shall have a crop of annuals the first season—Veronicas, Che- 
nopodiums, Euphorbias, Portulacas, Ambrosias, Crab-grasses, 
Fox-tails, Panicums, &c., &. Cease cultivation, and the Poas 
and Glycerias will immediately resume possession. Similarly, 
the pertinacity with which the common Knot-grass (Polygonum 
aviculare) seizes and maintains its position only along the hard- 
est beaten foot-paths is notorious; while the greater Plantain 
(Plantago major) renders itself no less conspicuous growing 
alongside. Earth thrown out of cellars and wells is generally 
known to send up a ready crop of weeds, and not unfrequently 
of species previously unknown in that spot. In all these cases, 
after allowing for all known possibilities of the distribution of 
seeds by winds, birds and waters, it still seems probable that 
germs must have previously existed in the soil. 

2d. When a change is produced in the chemical nature of the 
soil. Illustrations are familiar to every agriculturist. How 
soon does a dressing of undecomposed muck or peat develop a 
crop of acid-loving sorrel—and how readily it is again repressed 
by a dressing of some alkaline manure. Let the waters of a 
brine well saturate a meadow, and how long before we witness 
the appearance of Scirpus maritima, Triglochin maritimum or 
some other salt-loving plant, whose germs, unless spontaneously 
developed, must have lain dormant in the soil at a greater or 
less depth. 

8d. The disappearance of dominant species. It is well known 
that the clearing of a piece of forest and the burning of the brush 
is almost always followed by the appearance of certain unwonted 

lants known as “‘fire-weeds.” In many cases it would seem 
Pighly improbable that the seeds of such plants have just been 
transported to such situations, at the moment when the disap- 
pearing forest admits the introduction of the conditions essential 
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to their growth. It can hardly be doubted that the germs ex- 
isted in the soil, ready to germinate whenever free sunlight, 
warmth and atmospheric air should be permitted to rouse their 
latent vital energy. Of the same nature is the recurrence of par- 
ticular forest growths upon the same soil. Not unfrequently the 
second growth is of a very different nature from the first. In 
the “old fields” of Virginia and other southern states, the soil, 
cleared originally of deciduous trees, and then abandoned, after 
years of continuous cropping, sends up a growth of pines instead 
of deciduous trees. Many similar examples will suggest them- 
selves to the mind of the reader. 

4, The living germs of the diluvial deposits were buried during 
the glacial epoch. 

Whence come the germs of that vegetation which is every- 
where springing up in situations to which recent seeds could not 
have been distributed? This question has agitated the mind of 
many an inquirer who would have shrunk from the proposition 
which we here venture to enunciate. Let us examine the facts, 

(1.) The vegetation which characterized the close of the Ter- 
tiary epoch was probably nearly identival with that existing at 
the present day under the same climatic conditions. Even in 
the older Tertiary Lignites, we have, according to the investiga- 
tion of Lesquereux and Newberry, the remains of plants belong- 
ing to the following American genera, viz: Quercus, Carya, 
Populus, Acer, Morus, Curpinus, Nequndo, Laurus, Persea, Cornus, 
Rhus, Olea, Rhamnus, Magnolia, Smilax, Thuja, Sequoia, Taxo- 
dium and Sabal—identifications made from scanty and defective 
material, and we may fairly presume that further investigations 
will greatly increase the number. Yet these plants, probably 
older than the Claiborne sands, show, according to Lesquereux, 
“the greatest affinity with species of our own time.” From 
other beds of the middle or earlier Tertiary, we have still other 
existing genera, such as Diospyros, Fagus, Nyssa, Aristolochia, &c. 
The facts in our possession relative to the vegetation of the 
middle and later Tertiary epochs, show a most decided approxi- 
mation to the existing Flora. From a pleiocene deposit near 
Somerville, Tennessee, Lesquereux identified the following recent 
species, viz: Laurus Curolinensis, Prunus Caroliniana, Quercus 
myrtifolia, Fagus ferruginea.* From the chalky banks of the 
Mississippi river, near Columbus, Kentucky, a collection was 
made of which all the species are recent, viz: Quercus virens, 
Castanea nana?, Ulmus alata?, Planera Gmelini, Prinos integri- 
folia, Ceanothus Americanus ?, Carya oliveformis, Gleditschia tria- 
canthos, Acorus calamus.* It is true that Dr. D. D. Owen has 
assigned the deposit containing these remains to the Quaternary 

* This Journal, [2], xxvii, 363. * This Journal, [2], xxvii, 364, 
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period ;* but as their position is 120 feet below the ferruginous 
sands containing Megalonyx Jeffersoni, and as the nature of these 
species is incompatible with such a climate as we universally as- 
sociate with the glacial epoch, it is quite likely this assemblage 
of vegetable remains represents the general nature of the ar boreal 
flora in existence near the close of the ‘Tertiary period. 

Although our positive knowledge of the vegetation of the 
period immediate ly preceding the advent of the reign of ice is 
confessedly meagre, it is certain that all the facts in our posses- 
sion point to close specific correspondence with the modern veg- 
etation of the same re gions—modifie d certainly by the fact that, 
even in the latest Tertiary, the climate was cons siderably warmer 
than in the same latitudes at the present day. 

(2.) The general eflect of the events which ushered in and 
marked the progress of the reign of ice was, to destroy the veg- 
egation flourishing over all the northern portion of the continent 
and mingle its forms with the cubic miles of debris detached from 
the unde rlying rocks. We find the trunks and limbs of trees 
buried 50 and 100 feet deep in this diluvial rubbish. It is im- 

ossible that myriads of vegetable germs should not also have 

een stored away. The drift deposits became the vast granery 
in which nature preserved her store of seeds through the long 
rigors of a geological winter. 

(3.) But what evidences have we that the seeds of plants are 
capable of retaining their vitality through a geological period ? 

(a.) The ordinary process of destruction of vegetable tissues 
is merely an oxydation of the carbon and hydrogen entering 
into their constitution. It is seriously doubted whether the 
requisite conditions for such oxy dation exist at considerable 
depths in the soil. It is stated that the piles sustaining the Lon- 
don bridge have been driven 500 years, and are still compara- 
tively sound. Old Savoy Place, in the city of London, is sus- 
tained on piles driven 650 years ago, and they are yet perfectly 
sound. One of the piles taken up from the bridge built by the 
emperor Trajan across the Danube, was found petrified to the 
depth of three-quarters of an inch, while the remainder of the 
substance was unchanged after an interval of 1,600 years. The 
buried tree trunks already alluded to must have Jain since the 
time of the last great geological revolution. Nor are these rare 
cases, for the encroachments of the waves upon the shores of the 
great lakes reveal whole forests of the buried trunks of the White 
Cedar, (Thuja occidentalis), bearing scarcely a trace of the work 
of destructive agencies upon them. Indeed it is known that 
well preserved woody tissue has been frequently exhumed from 
deposits of Tertiary, and even of greater age. The writer has 
pieces of drift-wood from the Cretaceous sands of Alabama, in 


* Kentucky Rep., vol. i, p. 22. 
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which the ligneous tissue is so fully preserved as to be capable 
of ignition, like recent wood. Even from the coal measures of 
Michigan the writer has made preparations of the delicate tissue 
of Jungermannia-like fronds; and from the coal mines of Lasalle 
in Illinois, he has specimens of exogenous wood of a brown color 
and not yet carbonized, though partially pyritized. All these 
examples tend to show the extreme slowness of the process of 
decay in ordinary vegetable tissues when excluded from the 
usual conditions of decay by burial in the earth. 

(b.) The oily tissues of which seeds are composed are still 
more capable of resisting the tendency to dissolution; and 
ought certainly to remain unchanged, under circumstances 
which permit such perfect preservation of ordinary ligneous 
fibre. ‘The evidences are very conclusive, that the seeds of or- 
dinary vegetation may lie dormant in the surface soil for balf a 
dozen or a dozen years. The seeds of Hrechthites and other 
“ fire-weeds ” must have reposed in a latent state during the ex- 
istence of the forest, whose disappearance is the signal for the 
resumption of their vital activity. The same is true of the seeds 
of the “old field pines,” which have probably lain for an age or 
more, awaiting the maturity and destruction of the deciduous 
forest which usurped the soil. How many ages may they have 
lain there?) How many more might they have lain and still 
been found ready for the first opportunity to seize a foothold? 

There are some facts in our possession still more specific. It 
is well known that Dr. Lindley raised three raspberry plants 
from seeds discovered in the stomach of a man whose skeleton 
was found thirty feet below the surface of the earth, at the bot- 
tom of a barrow, or burial mound, which was opened near Dor- 
chester, England. With the body had been buried some coins 
of the emperor Hadrian, from which we are justified in assuming 
that these seeds had retained their vitality for the space of 
1,600 or 1,700 years. If they remained undamaged that length 
of time, their condition was practically fixed; and who shall 
say that 10,000 years would have produced a greater effect? 
Again, Lord Lindsay states that in the course of his wanderings 
amid the pyramids of Egypt, he stumbled on a mummy, proved 
by its hieroglyphics to be at least 2,000 years of age. On ex- 
amining the mummy, after it was unwrapped, he found in one 
of its closed hands, a bulb which, when planted in a suitable 
situation, grew and bloomed in a beautiful dahlia. The credi- 
bility of this story may be questioned, as the real dahlia is a 
tuberous-rooted, Mexican genus, not known to botanists till the 
year 1789. ‘That a bulb of some sort germinated under the 
circumstances alledged is not wholly incredible. It is further 
asserted, and generally believed, that wheat is now growing in 
England, which was derived from grains folded in the wrappings 
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of Egyptian mummies, where they must have lain for two or 
three thousand years. Prof. Gray does not fully credit the ac- 
count, but Dr. Carpenter, the eminent physiologist, gives it his 
full endorsement. Dr. Carpenter even goes so far as to give 
utterance to the following observations, which happen to be 
extremely pertinent to our present argument. 

“These facts make it evident,” he says, “that there is really 
no limit to the duration of this condition, [latent vitality], and 
that when a seed has been preserved for ten years, it may be for 
a hundred, a thousand or ten thousand, provided that no change 
of circumstances either exposes it to decay or calls its vital 
properties into activity. Hence, where seeds have been buried 
deep in the earth, not by human agency, but by some geological 
change, it is impossible to say how long anteriorly to the crea- 
tion of man they may have been produced and buried, as in the 
following curious instance: Some well-diggers in a town on the 
Penobscot river, in the state of Maine, about 40 miles from the 
sea, came, at the depth of about 20 feet, upon a stratum of sand. 
This strongly excited their curiosity and interest, from the cir- 
cumstance that no similar sand was to be found anywhere in the 
neighborhood, and that none like it was nearer than the sea- 
beach. As it was drawn up from the well it was placed in a 
pile by itself, an unwillingness having been felt to mix it with 
the stones and gravel which were also drawn up. But when 
the work was about to be finished, and the pile of stones and 
gravel to be removed, it was necessary also to remove the sand 
heap. This, therefore, was scattered about the spot on which it 
had been formed, and was for some time scarcely remembered. 
In a year or two, however, it was perceived that a number of 
small trees had sprung from the ground over which the heap of 
sand had been strewn. These trees became, in their turn, objects 
of strong interest, and care was taken that no injury should 
come to them. At length it was ascertained that they were 
Beach-plum trees, and they actually bore the Beach-plum, which 
had never before been seen except immediately upon the sea- 
shore. The trees had therefore sprung from seeds which were 
in the stratum of sea-sand that had been pierced by the well- 
diggers.”"”” It cannot be doubted, as Carpenter concludes, that 
the seeds of the Beech-plum had lain buried since the re- 
mote period when that part of the state was the shore of the 
slowly receding sea. 

Such a fact, so striking and so circumstantially recorded, is 
only of the same nature as others less critically noted, which 
daily pass before our eyes, in the upspringing of vegetable forms 
from the diluvial materials thrown out of wells, cellars and 
other excavations. 


Carpenter's Elements of Physiology, Am. ed., p. 41. 
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It must be confessed that the crucial observation is yet to be 
made. If vegetable germs exist in the drift, they can be discov- 
ered beforehand. The writer is not aware that any thorough 
search has ever been made for them; but until they have been 
actually detected, it is probable that even the convincing facts 
cited above will fail to secure universal assent to our proposi- 
tion involving the prolonged vitality of the seeds of preglacial 
vegetation. While, however, the case is far from demonstrated, 
it may fairly be submitted that the explanation of certain facts, 
afforded by our theory, is less presumptuous and improbable 
than the supposition of spontaneous generation, the fortuitous 
distribution of seeds by any modern agency, or any other ex- 
planation which can be reasonably offered.” . 

5. In proportion as the diluvial surface became exposed, the Flora 
of the preglacial epoch was reproduced. 

As the continent slowly rose from its last sea-burial, every 
portion of its surface, inch by inch, passed under the action of 
the ocean’s surges. Even if the vegetable germs inclosed in the 
more superficial portions of the drift deposit bad yielded to the 
destructive agencies of a geological period, the action of the sea 
would have uncovered and brought to light some of the more 
deeply seated and better protected seeds. If, then, our reason- 
ings are correct, returning spring time vivified into activity 
the myriads of germs stored away by Nature from before the 
reign of ice; and the continent was again clothed with those 
forms of verdure which had adorned it at the close of the Ter- 
tiary period. But at this moment in the world’s history, the re- 
treating waters paused to brood over the wide region destined to 
become the garden of the west; perpetual dilution converted 
them into a vast inland sea of fresh water, upon whose bottom 
gathered the lifeless sediments that were to be the soil of the 
prairies. Then, when, in the progress of events, either through 
the removal of barriers, or the further upheaval of the land, the 
fresh waters were poured from the wide prairie region, there re- 
mained a naked and lifeless expanse of vegetable slime. From 
the bosom of the slime no plant could start, for the germ was 
not there. From beneath the load of slime, in the diluvial de- 
posits below, no plant could raise its head, for it was sealed 
hermetically from air and light and warmth. A shining coat of 


% With reference to the effect of sea water on the vitality of seeds during the 
epoch of submergence of the continent, we have not overlooked Darwin's experi- 
ments recorded in the London Gardeners’ Chronicle for May 26th, 1855. While 
the experiments show a wonderful power of resisting the destructive influence of 
sea water, it is still apparent that the conditions of the experiments were such as 
to throw no light on the fate of seeds buried deeply in a submarine sand bed. It 
will be remembered further, that the filtration of sea water through a mass of sand, 
deprives it of its saltness, so that this agency in the destruction of vegetable germs 
embraced in a submarine soil becomes to a great extent eliminated. Compare 
Cabot, Proceedings Bos, Soc. Nat. Hist., vol. iii, pp. 92, 108. 
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verdure clothed everywhere the more ancient surface of the 
drift; and here and there in the abandoned lake bottom, rose a 
knoll crowned with its emerald crest—an island perhaps in the 
former lake. Thus the prairies were at first a sialitid and herb- 
less waste. 

6. The vegetation which finally appeared on the drained lacustrine 
areas was extra-limital, and was more likely to be herbaceous than 
arboreal. 

The natural agencies in the introduction of vegetation from 
beyond the limits of the prairie region would be winds, running 
water and animals—especially granivorous birds. In a region so 
nearly level, the agency of running water would be but feebly 
exerted. Winds would exert a more important influence in the 
dispersion of the lighter, and especially the feathered seeds; but 
granivorous birds, it is believed, would exert a still more im- 
portant influence. Yet it will be noticed that none of these 
agencies, and especially the two more important ones, would 
effect the distribution of any except the smaller and lighter 
seeds. Numerous quadrupeds, it is true, engage in the trans- 
portation of nuts and acorns, but no suitable storage place for 
such fruits would be found upon the prairies, not to mention 
the fact that they are transported and stored for consumption 
rather than for seed. It can hardly be doubted that the humble 
forms of vegetation producing the lighter seeds would be the 
first to secure possession of the soil. Sedges and marsh-loving 
grasses, especially, would eagerly occupy the ground, until the 
chances of germination of any of the larger fruits, would become 
exceedingly diminished. Thus the prairie became covered with 
herbaceous vegetation exclusively, while all around the margins 
was arrayed a shining fringe of forest trees, and every island 
knoll stood crowned with its cluster of oaks. Around the bor- 
ders of the prairie were the ancient sand dunes, blown up while 
yet the prairie was a lake bottom. A peculiar vegetation would 
suit itself to so purely; arenaceous a soil; and an occasional tree 
would be able to plant itself along the belt thus destined to be- 
come the “ barrens.” 

Thus the prairies were treeless because the grasses first gained 
foothold and then maintained it. The Indian, perhaps, made 
his appearance at this time, and formed an alliance with the 
grasses in their contest against the trees; and thus decided the 
question in favor of the grasses. 


This is our theory of the origin of the prairies, and the 
absence of trees from their surface, Fatal objections may 
rest against it, but it is certain that all other theories are un- 
tenable. 
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1. The old and popular belief that the treelessness of the prai- 
ries was caused by the annual burning of the grasses by the 
Indians,” is now generally admitted to be inadequate. 

2. The supposition that trees have been choked out by the 
tangled roots of cane, which in turn has disappeared under the 
influence of a burning sun,” has no applicability in a region 
visited annually by frosts too severe for cane to surviye. : 

3. The supposition that the absence of trees is due to too great 
dryness of the soil during the summer, is disproved by the fact 
that trees flourish naturally in drier soils in the same vicinity, 
while, on being introduced, they flourish equally well in the 
prairie. The treeless and almost herbless deserts of the far 
west may have originated in extreme aridity of the atmosphere ™ 
—as others have from the highly saline character of the soil— 
but all our discussions have had reference to the prairies of the 
Mississippi valley. 

4. A theory often urged is the considerable humidity of the 
soil of certain prairies,” and especially the wetness of the subsoil 
in contrast with the dryness of the soil during summer.” It is 
singular that such an opinion could be entertained when it is so 
well known that there is no situation so wet but certain trees 
will flourish on it—the willow, the cottonwood, the beach, the 
ash, the alder, the cypress, the tupelo, the water-oak, the tama- 
rack, the American arbor-vitz or some other tree—some of them 
standing joyously half the year, if need be, in stagnant water. 
It is well known that swales are generally devoid of trees; but 
the reason for this is to be found in the fact that since a soil as- 
sumed the place of the ancient lake, the germs of trees have 
never been introduced; while the introduction of such germs is 
delayed by the circumstance that neighboring forests are gener- 
ally such as are adapted to drier situations. Has it been found 
that a green willow or poplar twig will not root and thrive in a 
wet prairie? But further than this, large portions of the treeless 
prairies are not wet. Is there a different cause for treelessness here ? 

5. Prof. J. D. Whitney * has advanced the opinion that the 
extreme fineness of the prairie soil is the cause of the absence of 
trees; and the author of the article on “Plains,” in the New 
American Cyclopedia, seems to have adopted this view. 
Against this theory we see several weighty objections. Many 
alluvial soils, as pulverulent as that of the prairies, are densely 

This Journal, vol. i, p. 331. * This Journal, vol. xxiii, p. 40. 

72 Does Prof. Dana allude to the prairies of the Mississippi valley when he says, 
(Manual of Geol., p. 46), “and where the moisture is not sufficient for forests, she 
[| America] has her great prairies and pampas?” See also Cooper, Smithson. Rep. 
1858, p. 276; Newberry, Ohio Agric. Kep. 1859; Lambert, Pacific R. R. Rep., 


vol. i, p. 166. 
Atwater, this Journal, i, 116; Bourne, ii, 30; Lesquereux, 2d Ark, Geol. 


Rep.: Western Monthly Magazine, Feb., 1836 
* Engelmann, this Journal, [2], xxxvi, 384. * Iowa Geol. Rep., vol. i, p, 24. 
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wooded, and that in*the same latitudes and under the same me- 
teorological conditions. Again, partial or complete destitution 
of trees is observed on the coarser, sandy borders of the prairies, 
and on all recent sand dunes, even where no lack of vegetable 
sustenance exists. But the fatal objection to this theory, and 
all theories which look to the physical or chemical condition of 
the soil, or even to climatic peculiarities, for an explanation of 
the treeless character of the prairies, is discovered in the fact 
that trees will grow on them when once introduced—not water- 
loving trees exclusively, but evergreens, deciduous forest trees, 
and fruit trees—such as flourish in all the arable and habitable 
portions of our country. Everybody now knows that trees 
flourish well on the prairies; and the prairie farmers are ac- 
tively engaged in their introduction.” It seems to us that this 
fact alone militates fatally against the views advanced by Whit- 
ney as well as those of Engelmann, Bourne, Atwater and others, 
who have attributed the distinctive character of the northwestern 
prairies to an excessive humidity of the soil. 
University of Michigan, Aug. 30, 1864. 


Art. XXXIV.—On the Nebular Hypothesis; by Davin 
TROWBRIDGE, A.M. 


THE following paper on the nebular hypothesis differs from 
any other with which I am acquainted in several particulars, 
the principal of which are the arrangement of the parts treated, 
and the mathematical discussions introduced. It treats the the- 
ory of the subject first, and then the phenomena of Nature are 
compared with the theoretical conclusions. 

The only apology which I have to offer for going over so 
much of the subject is that I attempted to prepare some articles 
on detached portions of the hypothesis, and found the explana- 
tions, which would be necessary to render the subject intelligible 
to those who had not made the matter a study, so many that the 
space demanded would be nearly equal to that occupied by the 
present paper. 

That there is a growing interest in the subject, is known to 
every astronomer that has paid any attention to what has been 
written. It isa great problem yet to be completely resolved. 
The complete analytical treatment of the nebular hypothesis 
presents many difficulties; and without such aid it seems impos- 
sible to ascend to the origin of the solar system. I now submit 
what follows to the candid judgment of my readers. 

* Compare Wells, this Journal, i, 331, where the forest is said to be encroaching 


on the prairies about St. Louis; Engelmann, Ibid., [2], xxxvi, 389; Edwards, Rep. 
Dep. of Agric., 1862, p. 495. 
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THE THEORY. 


1. GEOLOGY has revealed the fact that it took immense ages 
of time to form the earth, and fit it for the habit-tion of man. 
The same science also points, somewhat definitely, to a time 
when the earth was in a highly heated condition. Mathematical 
science, applied to the problem of the earth’s conformation, 
teaches us that the earth has that form—the asperities of its sur- 
face not considered—which it ought to have if it were in a fluid 
state when it assumed its present form. These facts—to which 
we might add the condition of Saturn’s rings—seem to teach 
that the earth, and in short the whole Solar System, were once 
in an aériform state. An additional argument in favor of this 
view, is derived from the physical constitution of Comets. 

2. With these preliminary facts and considerations, perhaps 
we may be justified, in treating of a hypothesis—in assuming 
that the Solar System was once but a single body, and in a gas- 
eous condition; and that this single solar body was but a de- 
tached portion of a still larger and more extensive mass, that 
being in a still more primitive state. If we ask what is the 
cause that made the materials from which worlds have since been 
made assume that primitive gaseous condition, we must look for 
our answer to the operations of caloric. Philosophers, in their 
investigations, have arrived at this general conclusion respecting 
the operation of heat, namely, that mechanical action develops 
it, and the greater the action the greater the heat; and that as 
soon as heat becomes sensible, it tends to change the condition. 
of bodies. This, then, reduces the cause of the primitive gas-* 
eous state of the stellar and planetary worlds to mechanical 
action.’ As the mechanical action becomes less and less, the 
operations of heat become less and less potent. 


I. Of Stellar Systems. 


8. Let us assume that there once existed an immense and 
widely extended nebulous mass, from which solar and planetary 
bodies were afterward developed. It is extremely doubtful that 
the astronomer will ever obtain, with the telescope, any infor- 
mation respecting the existence of any such nebulous mass, even 
if such a body now exists within the range of telescopic vision, 
as I have attempted to show in a former paper in this Journal.’ 

4. We may now ask what was the probable nature of this 
supposed nebulous body? Was it homogeneous in structure, or 
was it heterogeneous? Let us try to determine this point. But 
first, what was the form of this great nebulous mass? Here 


* Chemical action should not be left out of the consideration, but at present we 
cannot define its operations so well. ? Vol. xxxvii, [2], p. 210. 
Am. Jour. Series, XXXVIII, No. 114.—Nov., 1864. 
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again we are reduced to conjecture. We cannot determine, 
with any approximation to truth, what the original form was. 
We may suppose it to have had no definite form, according to 
our conceptions, but rather to have been an amorphous mass, 
like the clouds of vapor which float in our atmosphere. If we 
could suppose this great nebulous mass to have been symmetrical 
in form and homogeneous in structure, in the process of cooling 
and condensation there would be little probability of its gene- 
rating a rotatory motion on an axis; wh under such conditions 
the matter would condense into a sphere. But we have not the 
remotest evidence—nay, all our evidence is to the contrary— 
that the original nebulous mass was homogeneous. It is a very 
difficult thing to find even a small amount of matter perfectly 
homogeneous. We must, therefore, conclude that the probability 
against the homogeneity of the original gaseous mass, is many 
millions to one in favor of it. Even if it were originally per- 
fectly homogeneous, but of irregular shape, the attraction of 
gravitation, and the other forces of nature which acted upon it, 
would soon ® cause it to become heterogeneous in its constitution. 
5. Again, if we suppose the original fluid mass to have been 
symmetrical in form (at least one of some particular forms), and 
arranged in strata that were homogeneous in themselves, the 
process of cooling and condensing would not generate a rotatory 
motion, and the mass would ultimately become a sphere. But 
the chances against such an arrangement of the nebulous mass 
would be equally as great as against the condition previously 
described. ‘These are the only cases in which it seems possible 
for the mass to condense without generating a rotatory motion. 
6. The science of mechanics teaches us that if a fluid mass be 
not so constituted as to be arranged in strata, homogeneous in 
themselves—the strata being of different densities or otherwise— 
it will not be in equilibrium ;‘ and in this case the attraction of 
gravitation, radiation of heat, and whatever other active and 
modifying causes might operate upon the nebulous body, would 
cause the fluid mass to change its parts so as to seek a condition 
of equilibrium;° and such a change would generate a motion 
of rotation about one or more axes. It is highly probable— 
caused by the form of the body, and the heterogeneous nature 


> In saying that such a result would be soon reached, it must not be supposed 
that we mean “soon” according to our ideas of time. A million of years might 
be “soon” for such a change to take place. In speaking of such changes as are 
described in the text, we must extend our ideas of periods of time. 

* Courtenay’s Mechanics, pp. 355-6 ; and Airy’s Mathematical ‘Tracts, pp. 163-6; 
and other works on the subject. 

* It must not be supposed that because the conditions of equilibrium are not sat- 
isfied that there will be a “ breaking up” and a separation into distinct masses, but 
only a change in the distribution of the material composing the original fluid mass, 
eo that it may ultimately attain the conditions of equilibrium. This change will 
generate a motion of rotation. 
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of the materials composing it, and perhaps other things—that 
the fluid would cool unequally in different parts, and in such 
places it would condense unequally, and thus, if they did not 
already exist, different centres of attraction would be produced. 
Around these different centres, matter would accumulate and 
condense, and these nuclei, so formed, would revolve around 
their common centre of gravity. As soon as a rotatory motion 
had commenced, centrifugal forces would begin to act; and as 
the process of cooling continued, the attraction of gravitation 
would have a greater control, (for the tendency of heat is to ex- 
rors all bodies, and thus to operate against the attraction of co- 
1esion, and also of gravitation in the case which we are consid- 
ering,) and thus the mass would be condensed, and the rotatory 
motion thereby increased. But an increase of rotatory velocity 
would also increase the action of the centrifugal force, and this 
process would continue until in some parts the centrifugal force 
might equal the force of gravity, and a separation would take 
place; and in this way each nucleus might ultimately be sepa- 
rated from all the others, when each would pursue its own course 
around the common centre of gravity of the whole. 

7. Each nucleus would itself be in a condition very similar 
to that which at first existed in the original great fluid mass. 
The same laws and forces acting on each nucleal mass, would 
generate a motion of rotation, if the previous separation had 
not already given it an initial rotatory velocity,’ and this mo- 
tion would generate a centrifugal force, as before, and each of 
these masses would separate into parts. This process of separa- 
tion would continue until such a result could no longer ensue, 
During all this time, it must be recollected that the original nu- 
cleal parts would continue their revolutions around their common 
eentre of gravity, while the parts into which each original nu- 
cleus was divided would continue their revolutions around their 
common centre of gravity. In this way each division, or sys- 
tem, would continue its own independent revolution, and at the 
same time it would be carried around the common centre of 
gravity of the greater system of which it formed a part; just as 
the satellites revolve around their primaries, while the primaries 
are at the same time carried around the sun, and the sun around 
some more distant centre. It is in this way that we would ac- 
count for the existence of clusters of stars. 

8. Notwithstanding the probability that the detached parts 
would have a motion of rotation impressed upon them, yet we can- 
not so easily infer that this motion would be in the same direction 

* It is difficult to see how one of these supposed nucleal masses could be de- 
tached from the parent mass through the influence of a rotatory motion, without 
impressing on the detached “ase at the time of separation, a motion of rotation. 


From the fact that the whole system is yet supposed to be fluid, such a result of 
the separation would seem to be still more probable than if it were solid. 
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as that of the original mass.’ Yet, if the primary masses should 
give the satellite portions, in the act of separation, a tendency in 
the same direction as themselves, every system would probably 
revolve in the same direction. As these systems, or nebulous 
masses, became reduced in size, from the number of separations, 
they would ultimately reach a limit, after which no such separa- 
tions as we have supposed would take place, and the body would 
thus be reduced to that size and condition only fitted to form a 
solar system. In a few cases compared with the whole, the final 
separation which we have supposed might be into nearly equal 
parts. Where there were but two centres of condensation, 
which separated as we have just supposed, a binary star would 
be produced ;* and where there were three, a ternary system 
would result; and where there were more nuclei so related to 
each other, multiple stars, or systems, would be produced. 

9. According to the view of the sidereal heavens which we 
have just explained, we conclude that the suns of the universe 
should be found to exist in clusters, and that these clusters are 
but parts of a cluster of clusters, and so on, each forming, as it 
were, an island universe. All the suns that make up these 
clusters must be in motion,’ each pursuing its own individual 
course, while, at the same time, it will be carried onward in its 
greater orbit around the centre of gravity of the cluster of which 
it forms a part, and so on to the great centre of the whole. So 
far as observation as yet enables us to judge, it is concluded that 
the stars are arranged in clusters, but how nearly the grander 
conception, that the clusters are themselves arranged into sys- 
tems, is true, we cannot at present decide. 

10. As each sun forms the centre of a planetary system (in 
all probability), there must have been as many centres of con- 
densation as there are suns, or fixed (?) stars asin common lan- 
guage we call them. 

11. Now, although we have been unable to tell just how a 
motion of rotation commenced, yet we have shown what condi- 
tions must be fulfilled in order fur the matter to condense into a 
sphere without generating a rotatory motion; and as those con- 

* If several centres of condensation existed, as we have supposed, and any one 
of them should separate from the others, it would seem to be more likely that the 
detached portion would receive an impulse that would cause it to rotate in the op- 
posite direction, just as two wheels turning on their axes, and revolving in contact, 
run in opposite directions. The direction of the motion of binary stars might en- 
lighten us on this point. 

* See this Joyrnal, vol. xxxvii, 1864, p. 233, where Prof. Kirkwood attempts to 
account for the great eccentricity of the orbits of double stars, as compared with 
those of the planets. 

* Whether the suns of the universe have been formed by any such process as I 
have described in the text or not, since they exist, the principles of Mechanics teach 
us that they must be in motion, and as the telescope detects separate clusters, the 
same principles teach us that the clusters must be in motion. These motions are 
probably such as to produce dynamical equilibrium. 
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ditions are almost impossible,—perhaps quite so in nature,—we 
see that a motion of rotation would result from the cooling down 
of the nebulous mass, the attraction of gravitation, and other 
forces of nature which might operate. 

12. The preceding general considerations may be regarded as 
applying with more force to the development of the sidereal sys- 
tems, such as the Milky Way, and other starry clusters, than to 
the formation of the solar system, or to any single system of a 
sun and the planets which revolve around it. We have now 
given a sufficiently lucid exposition of the development of the 
starry systems—the island universes—for our present purpose.” 
We shall now descend from these general considerations in ref: 
erence to the structure of the universe, to a view of the princi- 
ples which governed the formation of the solar system, accord- 
ing to the nebular hypothesis, and thus to see how far we are 
able to go in accounting for the general structure of that system 
of which we more immediately form a part. It is mainly in this 
part of our subject that we must look for that proof of the truth 
of the nebular hypothesis which will be in any great degree 
satisfactory. 

II. Of the Solar System. 


13. Heretofore we have not supposed the nebulous mass to have 
had any definite form; but we have now arrived at a point in our 
considerations where it is necessary to suppose the fluid body to 
have taken some definite form. Even if the larger parts of the 
original nebulous mass broke up before they took that form— 
necessarily symmetrical—which the conditions of equilibrium 
require, we have evidence that the smaller division, the single 
nucleus from which the solar system was developed, had so far 
changed the distribution of its materials, that it approximated to 
asymmetrical form. Mathematical investigation informs us what 
that form may have been. 

14. A uid mass which does not rotate on an axis must ulti- 
mately become spherical in form, whatever be the law of attrac- 
tion." But if it have a rotatory motion, it can never become a 
sphere, although it may approximate to cne in form. <A fluid 
body which rotates on an axis will be swelled out at the equa- 
tor; that is, the particles of matter will be thrown from the axis 
of rotation, and there will consequently be a depression about 
the poles. Ultimately, however, the mass must assume a condi- 

” For a more complete discussion of that part of our subject which relates to the 
formation of the starry clusters, see a very able treatise by Stephen Alexander, 
LL.D., Professor of Natural Philosophy and Astronomy in the College of New Jer- 
sey, published in Gould's Astronomical Journal, vol. ii, and entitled, On the Origin 
of the Forms and the Present Condition of some of the Clusters of Stars and several 


of the Nebula. It oceupies 29 pages 4to. 
* Courtenay’s Mechanics, p. 355. 
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tion of equilibrium. The conditions of equilibrium are these: 
the fluid matter must be arranged in strata the density of which 
throughout must be the same. These strata may differ from 
each other in density, or the density of each one may be the 
same—that is, the body may be homogeneous. Also the result- 
ant of all the forces acting on any one of these strata, must be 
directed towards the interior of the mass, and be normal to all 
the strata.” 

15. In the case of a homogeneous spheroid there are, with a 
slow rotation, two forms of equilibrium, one of which is an ob- 
late spheroid of small ellipticity, and the other is an oblate 
spheroid of great ellipticity. In the case where the density, 
equatorial gravity, and period of rotation, are the same as in the 
ease of the earth, the axes will, in the first form, be as 230 to 
231; and in the second, as 1 to 681." If by any means the 
angular velocity of rotation becomes accelerated, the two forms 
of equilibrium will approach each other; and when they unite 
the time of rotation will be reduced to 2 25™ 26s." If the pe- 
riod of rotation becomes still less, the fluid mass can no longer 
hold together; in other words, the equilibrium will no longer 
exist. 

16. It has never been proved, so far as I am aware, that when 
the body is heterogeneous, there are more than one form of 
equilibrium. If the rotatory motion be slow, the demonstrated 
form is one of small ellipticity. But if it never has been 

roved that there are more forms of equilibrium of a revolving 

eterogeneous mass, than one, it is, perhaps, nearly certain that, 
at least, two forms exist for the same period of rotation. Is it 
more reasonable to assume, as has been done, that the very ob- 
late form is a little less oblate than the corresponding form of a 
homogeneous spheroid? Since the form of small ellipticity is 
less oblate in a heterogeneous spheroid than the corresponding 
form of a homogeneous one, does it not seem probable that the 
very oblate form of the former, is still more so than the similar 
one of the latter? 

17. We shall now assume that the primitive rotating solar 
mass was, at least, mostly an aériform fluid body, and that it 
approximated to a very oblate spheroid. Before proceeding 

In other words, the potential of the fluid mass, when expressed in terms of any 
arc drawn on the surface of any one of the strata, must be a constant for that stratum. 
Thus, let V be the potential expressed in terms of s, any arc drawn on the surface 
of a stratum, then, because a particle on this surface has no tendency to move in 
any direction, we must have DsV =0= the force acting on the particle. Inte- 
grating and V = B= constant. 

# Airy’s Tracts, 4th ed., p. 148. * Tb, p. 149. 

* Ib., pp. 150-175; Pratt's Fig. of the Earth, pp. 63-79; Math, Monthly, vol. 
iii, pp. 166-182. The problem of the figure of a heterogeneous earth is one of 
the most difficult in physical astronomy, and it has been solved only for the case 
of small ellipticity. 
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further with our theory, however, it will be advisable to 
enquire into the nature of the constitution of the primitive 
spheroid. For that purpose let us suppose the spheroid already 
separated into rings by the processes of Nature. That being 
done we have the means of arriving, approximately, at the prin- 
cipal radii of gyration of the primitive spheroid at the time the 
several planetary rings were abandoned. ‘To do this we shall 
proceed as follows :— 

The principle of the Conservation of Areas,”* teaches us that 
if a body rotate on an axis, every point of which has the same 
angular velocity, the angular velocity multiplied by the moment 
of inertia with respect to the axis of rotation, will give a product 
that is constant for the same body. Let 

M = the mass of the primitive spheroid ; 
k = principal radius of gyration ; 
T = time of rotation; 
A = aconstant; 
== 3'14159, &e. 
So long as M remains the same, A will, also; but if M vary, so 
will A. Hence, as soon as the solar spheroid has thrown off a 
ring, the spheroidal mass, M, will be changed, and therefore A 
will be no longer the same quantity as before the separation. 
But, according to Dr. Galle, the mass of the sun is 738 times as 
great as the mass of all the other bodies of the system together.” 
We hence see if we entirely neglect the mass of all the planets 
in comparison with the mass of the sun, we shall neglect only 
such a quantity as would be between the second a third or- 
ders in the lunar theory. By making such a supposition, our 
results will still be approximately correct. We can hence call 
M and A constants. Let 'T and & apply to any one of the plan- 
ets; that is, T', its period of revolution, being the same as that 
of the ring at the time the ring was abandoned by the solar 
spheroid; and & the principal radius of gyration of the solar 
spheroid at the same time. Now let T, represent the time of 
rotation of the sun, and &, his principal radius of gyration; T, 
and k,, similar quantities when the solar spheroid extended to 
Mercury’s orbit; and for Venus; &c. LKquation (1) will 
give 
T 
—=—, or k=k, |— 2 
6 T, PONT, (2) 
Let the mean distance of the earth from the sun be 1, and the 
mean distance of any other planet be a; then by Kepler's third 
law we have 


1° The reader will find this principle demonstrated in treatises on analytic me- 
chanics. *” Cosmos, vol. iv, p. 362. 
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This value of T in (2) gives 


18. To find the value of &,, we may consider the ratio of the 
radius of gyration of the sun to his radius the same as the 
ratio of the similar quantities in the earth, without material 
error. If we take, for the present, a for the equatorial radius of 
the earth, and « for the ellipticity of the surface; then if the 
earth be homogeneous, the moment of inertia with respect to 
the axis of rotation will be 


8 
—70a5(1—é), 
( ) 


in which ¢ is the density; and if the earth be heterogeneous, the 
moment of inertia will be 


lie/, 


in which ¢’, a’ and e’ apply to any stratum below the surface. 
Since the earth is a solid of equilibrium, we easily find the value 
of the integral of the second member of (5), by the methods 
pursued in works on the Figure of the Earth." In that way we 
find 

k2=0°3232a" . . . (6). 


The time of rotation of the sun is approximately 25434, and 
his radius, 441,000 miles. The time of revolution of the earth 
around the sun is 3654-256. With these numbers and the co- 
efficient of a? in (6), we easily find the logarithm of the coéffi- 


cient of at in (4) to be 8000845, 10 being added to render the 
index positive. By enclosing the logarithm in brackets, (4) 
becomes 
3 
k = [8000845] & (7). 


By means of (7) we can easily compute the value of & for each 
of the planets. 

19. Let a, represent the mean distance of Mercury from the 
sun, a, that of Venus, and so on to a, for Neptune, a, being 
the mean distance of all the asteroids; then we have 


%* See Pratt's Figure of the Earth, pp. 72-74. It would have been sufficient 
for our purpose to consider the sun homogeneous, but for the fact that I afterwards 
employ equation (5) in a calculation to find the law of density in the solar spheroid. 
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TABLE I, 
log a, =9°587822, $ log a, + 8:000845 = 7691710 = log k, 
= 9859338, “ ag+ =7895847 = “ ky 
“ a, =0°000000, “ ag+ ==8-000845 = “ ky 


“ @,=0182897, “ “ = 813801T= “ ky 
“ a,=0°486951, “ as+ 8266059 = “ ky 
“ a, =0°716237, “ agt “ &, 
“ @,=0°979496, “ a,+ 28785467 = “ k, 
“ =1°282929, “ a,+ = 8963041 = “ k, 
“ @,=1477654, “ “ =9'109084= “ ky 


The logarithms in the last column of numbers in the above 
table, give for the corresponding numbers those in Table II. 


TABLE II, 
k, =0°004917 = 468,900 miles. 
k, =0°007859 = 749,300 “ 
k, = 0°010019 = 955,500 


k,=0013741 = 1,311,000 “ 
k, = 0023231 = 2,216,000 “ 
k, =0034516 = 3,292,000 “ 
k, = 0-064383 = 5,186,000 “ 
k, = 0091842 = 8,759,000 “ 
ky = 0128554 = 12,260,000 “ 

20. The above values of the principal radii of gyration of the 
primitive solar spheroid, at the time it abandoned the several 
rings from which the planets were formed, show that even when 
the Neptunian ring was abandoned, the solar spheroid was very 
much condensed about the centre; and that probably more than 
half the mass was within the orbit of the earth as it now exists, 
and the major part of half of it was within the present orbit of 
Mercury. 

21. We may obtain a rough approximation to the law of 
density of the primitive solar spheroid, as follows:—Let A rep- 
resent the semi-equatorial-diameter of the spheroid at the time 
any one of the planetary rings was about to be abandoned (A 
being the semi-equatorial-diameter of the spheroid before the 
Neptunian ring was separated, and no discontinuity in the sphe- 
roid being cousidered; or in other words, the spheroid is sup- 
posed to be continuous, and still the centrifugal force is consid- 
ered as equal to the force of gravity in all parts—a very im- 
probable supposition, I admit;) and a the mean distance of any 
one of the rings from the centre; then for the spheroid within 
the outer diameter of the ring a, equation (7) will give for the 


moment of inertia, calling B the coéfficient of a?, 
Mk? = MBa?; 
and that of the ring, or shell between a and A, will be 
M’k'? _Mk?= B[M’A2—Mu?] . (8) 


Am. Jour. Sc1.—Stconp Serres, VoL. XXXVIII, No. 114.—Nov., 1864. 
45 
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But equation (5) gives 
A 
From (8) and (9) we have 
3 3 8 - 
= . . . (10) 
Differentiating (10), A being a constant, we have 
3 8 


We do not know the relation between a and «, and we might 
assume any probable relation that would cause « to become 0 at 
the centre; but it will be sufficient for our purpose to suppose « 
constant. This supposition will cause (11) to assume the form 

(12)” 

From this equation, we see that the spheroid increased in 
density very rapidly near the centre. If the density at the 
mean distance of the earth from the sun be called unity, then 
g= a= H=1; and the density at the mean distance of the sev- 
eral planets will be as given in the following table. 


TABLE III, 


Name. Density. 
Mercury, - 27-10000000 
Venus, - - - - - 3°10700000 
Earth, - - - - 100000000 
Mars, - - - - 0°28440000 
Asteroids, - - 0°01976000 
Jupiter, - - 000311800 
Saturn, - - 000037310 
Uranus, - 000008234 


The numbers in the above table may be taken to represent 
the density about the outer equatorial parts of the primitive 
solar spheroid at the time when each of the planetary rings 
was abandoned from the equatorial parts of the spheroid. The 
above numbers, however, must be considered as only a very 
rough approximation to the true density. 

22. If we suppose the angular motion of all parts of the solar 
spheroid to be the same (w suppose) at any given time, the prin- 
ciple of the conservation of areas gives 

wMk? = A= constant, orw?Mk?=wA, . . . (18) 


The principle of the vis viva gives 
= (mv?) = w? (my?) = w?Mk? = W suppose;. . . (14) 


* It is not pretended that the investigation in the text is, in all parts, legitimate ; 
but I have introduced it as affording, perhaps, a better result than mere guess work. 
The complete solution is one of considerable difficulty. 
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in which y is the distance of any particle from the axis of rota- 
tion. From (13) and (14) we have 


This equation shows us that the living force of the body va- 
ries with the angular velocity; and as the angular velocity in- 
creases with the loss of heat, we see that as the solar spheroid 
gradually cools down, the living force of the mass gradually in- 
creases. Or in other words, as the body loses its heat, the at- 
traction of gravitation has a greater influence and increases the 
living force of the body. 

Even if the angular velocity of all the parts is not the same, 
we may arrive at an approximate result, provided the different 
strata differ but little in angular velocity from the mean. Let 
# represent the mean angular velocity of the body, then the 
true angular velocity may be represented by wo +0’, w+ w", &c., 
in which we shall suppose w’, o”, w”, &., so small that we may 
neglect their squares in comparison with #?. We hence have 
(mv?)=S my? (mw? +2 mom’ Mk? (mw! y? 
and = wMk? 4 (mw"y?) = A. 

Therefore 
W = 2Aw—w?Mk? = o[2A—oMk?].. . (16) 


From this equation we also see that W increases witha, We 
may also have 
W = Aw+o2(ma'y?). 

Hither of these expressions for W will approximate to Ao as 
w', &c., diminish without limit. From this we conclude that as 
soon as a rotation has commenced in a nebulous mass, its living 
force will increase as the mass cools. 

23. The primitive solar spheroid could have only approximated 
to a symmetrical form, and to a symmetrical disposition of its 
materials, especially in the outer parts. If it were so consti- 
tuted, it is difficult to see how it could separate into rings of 
much width; but the materials being somewhat heterogeneously 
distributed, a ring of considerable width might be thrown off, 
or rather abandoned. 

24. The cnvariable plane of the solar system must be the in- 
variable plane of the primitive solar spheroid, and that must 

* If different strata have different angular velocities, A will no longer be a con- 
stant. To find an expression for the angular velocity in this case, of any one stra- 
tum, let W and A be functions of r, such that ér is the thickness of the stratum 
whose angular velocity isw, The vis viva of the part immediately within the 


stratum of thickness ér will be W—D,; Wér, and the sum of the ureas will be 
A-—D, Aér. We hence have W-D; Wér=wA—eDr Abr; or by (15) Dp W= 


oD, A, o= ae =DaW. This result is obtained by supposing the spheroid 


within the stratum dr to have the same angular velocity in all its parts; and that 
it ultimately is the same as that of the stratum dr. 
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have coincided approximately with the plane of the equator. 
The first planetary ring abandoned would have an inclination 
to the plane of the ecliptic nearly the same as that of the prin- 
cipal plane; and thus the outermost planet of the solar system 
should move in an orbit whose inclination is nearly the same as 
that of the principal plane of the solar system. Grant” has 
given 1° 35’ 31” for the inclination of the principal plane, for 
the year 1750. It is very difficult to find the exact inclination 
of the invariable plane, since it is partly dependent on the mo- 
meut of inertia of the sun and planets, and that, at present, can 
only be determined approximately. By making as exact a de- 
termination as possible, M. Lespiault” has found the inclina- 
tion of the invariable plane to be 1° 41’. The inclination of 
the orbit of Neptune is 1° 46’ 59”. The correspondence of 
these two numbers is rather remarkable. A nearer agreement 
could not be expected, when we reflect that the inclination of 
the planes of the planetary orbits to the invariable plane, is con- 
stantly varying from planetary perturbations, and oe been for 
immense ages.” 

25. In the same manner as that in which the first ring was 
abandoned by the primitive solar spheroid, in its process of cool- 
ing. and coutracting and consequent increase of rotatory ve- 
locity, other rings would successively be detached, and this pro- 
cess would continue until the solar body would become so far 
condensed, and the cooling process would go on so slowly, that 
more planetary rings could not be separated. It has been sug- 
gested by Prof. Daniel Kirkwood, that several rings might be 
separated at the same, or about the same time; and an investi- 
gation, which will be given in a nole, seems to strengthen the 
opinion.” 

™ History of Phys. Astron., p. 101. #8 Smithsonian Report for 1861, p. 210. 

73 [ will make this prediction, that if more planets beyond Neptune be discov- 
-—-. the inclination of their orbits will differ but little from that of the invayiable 

ane. 

™* See this Journal, [2], xxxviii, 5. The investigation referred to in the text, is 


as follows: The attraction of a homogeneous oblate sphervid on a particle within 
its mass is, parallel to the axes of z, y, and z, 


1-e?) 


— ( =2 2 Pe (suppose), 2 ype, and 
) y 


e? 


/1—e? 


respectively. If « be the distance of the attracted particle from the axis of rota- 
tion, z, then 
u? = 2? + y2, and 
will be the attraetion perpendicular to the axis of rotations (See Todhunter's 
Analytical Statics, p. 265.) Call the centrifugal force F =u, «== angular ve- 


locity of rotation. Call the ratio of F te U, R, then R=; = Tye; 
we see that R is independent of u, the distance from the axis of rotation, Hence 


From this 
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26. The density of the external equatorial parts of the solar 
spheroid, before any ring was separated, must have been very 
small in comparison with the internal parts, as can be seen by 
Table III, Art. 21, which makes the ratio as 1 to 2,000,000. 
The consequence of this extreme rarity would be a difference in 
the angular velocity of rotation of the several strata situated at 
different distances from the axis of rotation. As the solar body, 
then, became smaller from a loss of heat, and its angular ve- 
locity thereby increased, the angular velocity of the external 
parts would not be much increased, except by friction. Such 
particles, or perhaps we should say the outermost equatorial 
strata, would tend to move under the influence of Kepler's 
third law. The result of this would be that the outer strata 
would not be separated at once, but as the solar spheroid quick- 
ened its rotatory velocity, the several outer strata, whose cen- 
trifugal force equaled the force of gravity of the internal sphe- 
roid, would hang together, each moving partly under the influ- 
ence of the angular motion of the internal spheroid, and partly 
under the influence of Kepler’s third law. Such strata would 
hang together until they had accumulated to such an amount, 
that, by their own attractive influence combined with the consid- 
erable difference of angular velocity of the internal and external 
parts, the whole of the strata whose centrifugal force equaled 
the force of gravity—and perhaps some more, in consequence of 
friction and cohesion—would be separated from the solar body. 
In consequence of the extreme rarity of the external parts of 
the solar spheroid about the equator, when the first ring was 


if it were possible for R to become 1 for a point on the equator, it would be 1 for 
all points of the spheroid. If the revolving body be a homogeneous spheroid of 
equilibrium, of the mean density of the earth, R reaches the limit 0°853, as the 
spheroid quickens its rotatory velocity, beyond which it cannot increase and the 
spheroid remain in equilibrium. If it were possible for the spheroid to exist and 
R=1, it would spread out and be resolved into elementary rings, or rather strata. 
But as the spheroid ceases to exist before R=1, is it not probable that the whole 
spheroid would be resolved into a ring. similar to the case in Mr. Plateau’s experi- 
ments? If the spheroid be not homogeneous, is it not possible for it to approxt- 
mate to the conditions above supposed, and for several rings to be separated simul- 
taneously, as suggested by Prof. Kirkwood? The conditions of equilibrium give us 


(279 pe—w?)\(rde + ydy) +479 Vezdz=0, or 
(ede + yy) ade = (1 + + 


sin'e. Hence 
e 


If R=1, then ye=0=e 


=sin-'e, Pute=sina, then A==tana. There are an infinite number of 


Jj 
roots to this equation. Since every value of ¢ except e=0, is greater than that of 
the spheroid of awiftest rotation, we see that the equation Ve = 0 does not apply 
to a spheroid: but it indicates that there is a discontinuity. 
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abandoned, such ring would be of considerable width, greater, 
very probably, than that of any other ring. We are thus able 
to account, in a very s satisfactory way, for Prof. Kirkwood’s 
“spheres of attraction,” in his beautiful “ Analogy.” 

27. When the second planetary ring was separated, its density 
would be greater than that of the first, both in consequence of 
thé continued condensation of the solar atmosphere—if we may 
so term it—and also that it naturally existed nearer the centre 
of the solar spheroid. In consequence of this greater mean 
density, the second ring would not be so wide as the first, since 
the friction and cohesion of the internal parts of the ring would 
be so much greater, that it would increase the centrifugal force 
to such an extent that the ring would necessarily separate. 

28. For similar reasons, the width of the third ring would, i 
general, be less than that of the second; the fourth less than 
the third; and so on. In consequence of the attractive influ- 
ence of the rings already separated, and also the probability 
tha* the centrifugal force of the inner parts of the abandoned 
ring would not equal the force of gravity, the third ring might 
equal in width the second, but we have not sufficient reason to 
suppose that this would frequently be the case. 

29. In consequence of the extreme rarity of the external 
rings, it might easily happen that their several masses might be 

reater as the rings are nearer the center of the solar spheroid. 
Bat since the diameter of the ring is less the nearer the ring is 
to the centre of the arg and the width of the ring less, as 
we have attempted to show in the preceding article, the increase 
of the masses of the rings, as they are nearer to the centre of 
the spheroid, would reach a limit. Although this reasoning is 
by no means conclusive, yet we see from it that the planet hav- 
ing the greatest mass might be found somewhere between the 
nearest and most distant planet. But in consequence of the 
want of a perfectly symmetrical distribution of the materials 
composing the primitive spheroid, we should not look for an ob- 
vious law regulating the distribution of the masses of the several 
planets thus formed. It is sufficient to find that the planets 
gradually increase in mass as they are situated farther from the 
sun, until we arrive at the greatest mass, and thence a gradual 
decrease. 

30. If the materials composing the rings were so distributed 
as to cause a greater amount to be detached from one side of the 

lane of the equator of the spheroid, than from the other side, 
it would cause a change in the direction of the axis of rotation 
of the revolving body, and thus the second ring might be 
somewhat inclined to the first. Fora similar reason the third 
might differ in inclination from the first and second; and so on 
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to the last.** But since the mass of the largest of the rings in 
our system is but a small fraction of the mass of the sun, the 
separation of any one ring would change the axis of rotation 
but little; and thus, as is really the case, we should expect to 
find the planets confined, in their motions, to a narrow zone in 
the heavens. 

31. When the primitive solar spheroid was assuming approx- 
imate conditions of equilibrium, the more dense the material, 
the nearer to the centre of the body would it descend to seek 
its position of equilibrium. Is it not possible that the metals 
would in this way sink, leaving the outer planets with compar- 
atively less of such materials than the inner ones? According 
to this view, the sun should possess comparatively more metals 
than any of the planets. Would not this great abundance of 
metals in the sun enable him to retain his heat for a greater 
length of time? and would he not be more intensely lumin- 
ous in consequence?” That metals exist in the sun has re- 
cently been demonstrated experimentally by Messrs. Bunsen and 
Kirchoff. 

82. The orbit of a planet, formed from a ring which was 
abandoned, as described above, must be very approximately cir- 
cular. It might differ from a circle in any one or all of four 
ways: Ist, by the separation of the ring before the centrifugal 
force equaled the force of gravity; 2d, by the ring’s remaining 
attached for some time after the centrifugal force equaled the 
force of gravity, and the revolution of the ring being influenced 
by the increased rotatory velocity of the central spheroid; 3d, 
by the modification of the force of attraction by the contraction 
of the central spheroid; and 4th, by the breaking up of the ring 
to form the planet. The third and fourth causes would, perhaps, 
be the most potent. Of course all such planets must move 
around the sun in the same direction. 

83. The distance from the central body (and what is very es- 
sential to the planetary worlds, every system so formed must 
have remaining a central body of comparatively large dimen- 
sions,) of the planets thus formed, would, perhaps, follow some 
approximately simple law; but since the real law of the dis- 
tances would probably be very complicated, owing to the want 
of asymmetrical arrangement of the materials composing the 
solar spheroid, it might depart in either extreme of distance 
(very far from the sun, or very near to him,) very considerably 
from the approximate law. Such, at least, seems probable. 

°° T am unable to see sufficient evidence of the synchronous formation of the plan- 
etary rings, as advocated by Prof. Kirkwood, and, I believe, by Prof. Alexander. 
The inclination of the planetary orbits to each other, and to the solar equator, I 
think furnish evidence against it, Prof. Hinrichs finds evidence of the successive 
formation of the rings. 


% See Prof. Roscoe's lecture before the Royal Institution, Eng., May 6th, 1864, 
as copied into the Daily N. Y. Tribune of July 18th, 1864. 
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In the process of ring-making, and the breaking-up of the 
rings to form planets, the general principle of the conservation 
of areas would hold good, but the vis viva of the system would, 
as we have attempted to show, gradually increase, owing to the 
— influence of the force of gravity in consequence of the 

vss of caloric, which acts as a repulsive force, from the system.” 


[To be continued.]} 


ArT. XXXV.—Note on a Colored Derivative of Naphthaline; by 
M. Carey Philadelphia, 


In the course of an examination of the compounds of napth- 
thaline, the following observation was made, and, as at the 
present day, every colored reaction belonging to the products of 
coal-distillation is a matter of interest, I publish it. 

While preparing some sub-chlorid of naphthaline C,, H, Cl,, 
by passing chlorine over naphthaline, I washed the crude pro- 
duct with ether, and separated the etherial liquid by filtration. 
By exposure to the atmosphere, the ether passed off; there re- 
mained a small quantity of a pale yellow transparent watery 
acid liquid, which separated itself from the denser and more 
colored portions. Placed by itself in a small capsule, it depos- 
ited after a time a bright blue film. The liquid was poured off 
from this film into another capsule, when it gradually deposited 
a further portion. 

The quantity of this blue substance obtained was exceedingly 
small. It exhibited the following properties. It was insoluble 
in water, in alcohol, and in ether. Exposed to an ammoniacal 
atmosphere, it passed quickly to a full deep purple: vapor of 
chlorhydric acid restored the blue shade. Ammonia in the 
form of solution wholly destroyed the color, nor was it then re- 
stored by chlorhydric acid as when it had been rendered purple 
by ammoniacal vapor. 

This reaction of a blue substance changed to purple by a 
small quantity of ammonia, and wholly decomposed by excess, 
is something quite new, and it is to be regretted that the sub- 
stance is only obtainable in infinitesimal quantities as a by- 


product. 


** Prof. Gustavus Hinrichs, of Iowa State University, is engaged, I believe, on 
an analytical investigation of the nature of the primitive spheroid and the separa- 
tion of rings. We hope Prof. H. will soon complete his investigations, ani publish 
his results. 


} 
i 
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Art. XXXVI.—On the study of the Electric Spark by the aid of 
Photography ; by Prof. OapEN N. Roop, of Columbia College. 


Il On tHe ror OF THE FIGURE PRODUCED BY THE INDUCTION corL.* 


In the March number of this Journal for 1862, I described a 
new method of studying the electric discharge by allowing it to 
fall directly on a sensitive photographic plate, where it produced 
latent images of certain forms, which, under the action of the 
developer, yielded very fine and sharp characteristic pictures. It 
was shown at that time that there was a very marked difference 
between the positive and negative figures, the former consisting 
essentially of one or more stars and rings in combination, while 
the latter was made up, for short discharges, of a collection of 
dots or minute circles, which, by the use of a greater length of 
discharge, became converted into two or more thick concentric 
rings. his difference, which could only be fully manifested 
by the use of a large number of wood-cuts, was always so great 
that it was possible at a glance to decide whether the impression 
had been produced by positive or negative electricity. It was 
also shown that while the positive electric brush is characterized 
by the production of one or more very minute rings arranged 
concentrically, the negative brush merely blackened the plate; 
further, that the negative figure is in general much larger than 
the positive, this being the reverse of what Riess has shown to 
be the case with the dust figures of Lichtenberg. 

In my first paper, the term positive figure is applied to the one 
produced when the prime conductor charged with positive elec- 
tricity is made the positive electrode, and the sensitive plate the 
negative electrode; a mode of speaking which is common enough, 
though it probably would be as well to speak only of the figures 
as produced on the positive or negative electrode. By the term 
positive figure, then, I have and shall indicate the one which 
is traced on the negative electrode by the discharge, and by 
negative figure, the one produced on the positive electrode. 

The usual mode of speaking implies the idea that the positive 
electricity travels over to the sensitive plate (negative electrode), 
and there traces its peculiar figure, and, correspondingly, that the 
negative electricity travels over to the sensitive plate (positive 
electrode), and there acts to generate a figure of a different kind. 
Now the electric discharge is rendered possible by the presence 
of material particles of some kind between the electrodes; in the 
act of discharge these particles are heated till they become lu- 
minous; if they consist of air, the discharge through them can 
be traced as a blue or violet line, while at or nearly at the same 

* For No. 1, see volume xxxiii, page 219, 1862. 
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instant of time, metallic particles are torn off from each electrode, 
as shown by Feddersen, and, in an ignited state, projected in the 
general direction of the other electrode. The source of the light, 
then, is twofold: 1st, from the heated gas, and 2d, from the 
finely divided heated particles of metal. It therefore becomes 
of interest to inquire by what particular portion of the luminous 
matter these photographic figures are traced. 

Making the sensitive plate the negative electrode, for example, 
it might be supposed that the figure formed on that electrode 
was produced, Ist, by the ignited particles charged with negative 
electricity in their act of departure toward the positive electrode, 
and 2d, that it was partly due to the arrival of luminous metallic 
particles from the positive electrode, and 8d, that a portion of it 
was due to the line of heated gas which extends from one elec- 
trode to the other. That the figure is produced only by the 1st 
and 3d of these causes the following considerations will render 
probable. Feddersen found during the discharge of a Leyden jar 
that when a resistance was introduced into the circuit sufficient 
to reduce the discharge to a single one, viz: so that in one act 
the positive electricity flowed toward the negative electrode and 
the negative electricity toward the positive electrode, that me- 
tallic particles were torn off from each electrode, and projected 
merely in the general direction of the opposite electrode, being 
often thrown sidewise wide of the mark, or in other words, that 
very often the luminous finely divided metallic particles did not 
seem to bridge over the chasm between the electrodes, which 
were joined sometimes only by a fine line. 

Fig. 1 is from two photographs obtained by him under such 
circumstances, enlarged two diame- 
ters. 

I have made some experiments on 
the spark from an electric machine, 
operating with very different appa- 
ratus, but still have obtained corres 

onding results. A glass plate, 4 
inches square, was coated with collo- 
dion and sensitized as usual, then 
washed with water and flowed with a 
solution of tannin and dried. Its sur- 
face was of course sensitive to light, and to all appearance as 
poor a conductor of electricity as glass itself. Next, two strips 
of tin foil were pasted on a plain glass plate, so that the electric 
spark would pass from one to the other. The two plates were 
then firmly pressed together, the tin foil being next to the sensi- 
tive surface, and a spark from an electric machine discharged 
through the arrangement: the tin foil plate was then shifted half 
an inch, and a second spark discharged, &c. Afterward, the sen- 


O. N. Rood on the Electric Spark. 363 


sitive plate was developed with pyrogallic acid as usual, when it 
was found that pictures of the path of the spark had been traced. 
This path was very often not continuous from one electrode to 
the other, sometimes there were two or even three breaks in it, 
while it often happened that the discharge from the positive was 
not in line with that from the negative electrode. See figures 2 
and 3, which are enlarged P 


7 and 5 diameters. 
With a microscope magni- PR API” 
fying 20 diameters I have 
observed similar interrup- 
tions in the electric spark when dis- 8, 
charged freely in the air. ~~ — 
We are therefore led to conclude 
that it is probable that the photographic figures are traced mainly 
by the luminous particles just before their departure for the op- 
posite electrode, and if any effect is to be ascribed to luminous 
particles coming from the opposite electrode, it is only that of a 
diffused and faint blackening of the plate. Luminous material 
particles are here spoken of because it is held, (as Pliicker very 
properly insists,)' that electric light existent by itself is a fiction. 


In all his experiments with the Leyden jar, Feddersen found 
that the discharge proceeded simultaneously at each electrode, 
positive electricity starting from the positive and traveling to- 
ward the negative electrode, w tile at the same exact instant of 
time negative electricity started for the positive electrode. This 
is also known to hold good with voltaic electricity, and there 
seems to be no reason why it should not also be true with the 
induction coil, so as to render applicable to the induction spark 
the results obtained with the Leyden jar or electric machine. 

The following set of experiments on the induction spark was 
undertaken at the suggestion of Dr. W. Gibbs. 


Apparatus employed.—A large induction coil by Ritchie was 
used, which was however set in action only by a feeble battery 
power, so that the extreme length of the spark, when the sensi- 
tive plate was the negative electrode, was only 1,'5 inches, 
This was in order to make a comparison of the figures obtained 
with those previously secured in using frictional electricity. 
The plates were sensitized as described in my first communica- 
tion on this subject, and the same form of apparatus for the pro- 
jection of the spark was retained. In addition, a metallic point 
was sometimes substituted for the brass ball, and in some cases 
two insulated metallic points were fastened at varying distances 
above the sensitive plate, in such a manner that the positive cur- 
rent, after leaving the first point, reached the wet sensitive sur- 


* Pogg, Ann., Bd. cxiii, 274. 
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face and traveled along it for about an inch and a half, and then 
passed from the sensitive surface through the air up to the sec- 
ond point. Under the first point a figure was generated corres- 
ponding to that which in my previous article I termed the posi- 
tive figure, and under the second point a figure corresponding 
to that described as the negative. ‘l'his is in accordance with the 
results previously obtained by placing the sensitive plate in con- 
nection with the prime conductor charged with positive or nega- 
tive electricity, and drawing a spark from its surface. The ad- 
vantage of this mode of experimenting is, that positive and neg- 
ative figures are obtained on the same plate, side by side, and 
consequently are generated under like conditions. Finally, in 
all these experiments, as in those before published, a portion of 
the wet film always necessarily formed a portion of the circuit, 
introducing thus a considerable degree of resistance. 


When the poles of the induction coil are united by a metallic 
or liquid conductor, on completing the voltaic circuit, a current 
is induced in the induction coil which circulates in the opposite 
direction from that possessed by the primary galvanic current, 
and on breaking this latter circuit, we have a second induced 
current circulating in the opposite direction from the first. 

In this case, the poles of the coil are alternately positive and 
negative. ‘I'he matter is however quite different when, as in the 
experiments detailed below, a portion of the induction circuit 
consists of air, so that a spark is generated. Here only, the cur- 
rent, induced by breaking the voltaic circuit, is able to travel 
through the intervening portion of air, and the poles become 
fixed, and remain steadily positive and negative, as with a gal- 
vanic battery. This has been proved during the last ten years 
by a variety of experiments, and is further confirmed, were it 
necessary, by the constant production of pure positive and neg- 
ative photographic figures under answering circumstances, I 
have analyzed the induction spark between brass electrodes by 
a rapidly revolving mirror, and find it made up of a very con- 
siderable number of discharges, but according to what has been 
above stated, they are not to be regarded as oscillatory, but 
as always retaining their original direction. This is of course 
a great advantage in studying the electric discharge by the pho- 
tographie method, as we obtain an unmixed figure, compara- 
tively simple in its constitution, and the information thus gained, 
(it is hoped,) can hereafter be applied to the elucidation of more 
complicated electrical phenomena. 


Form of the Positive Figure, 


viz: that which is formed on the sensitive plate used as negative 
electrode. 
Length of the discharge ,', of an inch. 
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(a.) When a brass ball is used as positive electrode and the 
moist plate is connected with the negative pole of the coil, the 
figure consists of a central thick and irregularly shaped ring, 
and an external portion formed like an irregular star; see fig. 4, 
which is enlarged three diameters, as also are all the other draw- 
ings of the spark in this number, except where 
the contrary is expressly stated. The central 4. 
portion within the first mentioned ring is more 
or less blackened, sometimes being quite dark, 
so that the ring can hardly be distinguished. In 
one case 14 sparks generated under the above 
mentioned circumstances were allowed to fall on 
the sensitive plate, which was then somewhat 
washed with pure water before the developing solution was ap- 
plied. This operation it is well known reduces the intensity of 
the picture obtained, and thus often allows details to be made 
out which otherwise would be obscure. It will be indicated 
hereafter simply by the expression “washed plate.” In all 
these fourteen cases, the interior of the above mentioned ring was 
uniformly darkened, and of a purplish color by transmitted light. 
It often happens that two of the external starlike figures are 
produced and superimposed ; this was very beautifully shown in 
this washed plate, as well as in some which were unwashed. This, 
and other indications, obtained in positive and negative figures,* 
point out that it is a matter of chance whether single, double, or 
triple sparks are obtained by the ordinary manipulation. 

(o.) When the positive electrode is a metallic point, a figure 
like 5 is obtained, its interior being often more or 
less shaded; it is also generally surrounded by a 
diffused faint mass of shade. 

(c.) When two points are used, as before de- 
scribed, the figure remains essentially the same as 
with a single point. 


5. 


It will be seen that while there is some difference between 
the positive induction figure, and that produced under simi- 
lar circumstances by frictional electricity, there is yet some 
analogy between them. This could be made more evident b 
wood-cuts representing forms obtained two years ago, whic 
approached in shape more nearly to the induction figure than 
those published at that time. The induction spark, however, as 
is known, consists of two distinct portions, «. e., the spark proper, 
and the so-called luminous “atmosphere,” and it will be shown 
at the conclusion of this article, that when the effects produced by 
the two different portions are separated, the resemblance to 
the figure Soumaiel by frictional electricity is much closer than 
it here appears. 

* Compare figure 22. 
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Length of discharge 7; inch. The forms are as above de- 
scribed. 

7; of an inch. (a.) When the positive electrode is the brass 
ball, the figure remains the same as with ,'; inch, except that 
rather faint starlike rays begin to be thrown out from the ex- 
ternal ring. 

(6.) When the point is used the figure is like fig. 5, except 
that the ring manifests a disposition to take a starlike border. 

y's and ,in. The figures are much the same as the last. 

ys in. From a brass ball. The form is often like fig. 6, the ir- 
regular ring showing a tendency to become star- ‘ 
like. 

linch. Often like the last; sometimes the 
star becomes fully developed, resembling much 
the starlike figures produced by frictional elec- 
tricity. On one plate, for instance, occurs a fig- 
ure like 1, (in the first No. of this memoir), 
except that the central portion of the disc is 
occupied by a dark disc; others resemble the figure marked .5 
in the same wood-cut, except that the two fine rings are not re- 
produced in the induction figure. 

1,', inches. A more or less irregular star, as seen in fig. 7, 
resembling in many respects those pro- 
duced by frictional electricity; the fine 
rings however being absent. It seems 
to consist of two parts, a star with a 
sharp outline, and a circular mass of 
shade, which, when unsymmetrically 
placed, is seen to be distinct from the 
star as in fig. 8. The starlike portion corresponds with that 
shown in fig. 4, and the black disc with the black ring there 
figured. 


1. 8. 


If the positive electrode is farther removed from the plate, 
only partial sparks are produced. ‘T'hese closely resemble those 
obtained by frictional electricity and figured in the first number 
of this memoir; it is to be remarked, however, that the lines 
making up the figure are much thicker, viewed under the micro- 
scope, as if they had been traced by a blunt quill instead of a 
fine steel pen. 


The Induction Brush.—Here the same peculiarity is to be no- 
ticed; for while the forms of the figures (often very beautiful) 
are quite like those obtained from a common electric machine, 
the lines making them up are far thicker, so that the difference 
is easily seen with the naked eye. In consequence of this, the 
smaller figures are not rings, but minute round discs, either uni- 
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formly black, or with the central portion only slightly lighter 
than the rest of the disc. It is true that uniformly shaded discs 
of this kind can be detected with the microscope on plates pre- 
pared with frictional electricity, but then they are much smaller 
than when the coil is used. Forms like V (in my first article on 
this subject) are also constantly produced. 


Form of the Negative Figure, 


viz: that which is generated on the sensitive plate used as the 
positive electrode. 

Length of discharge ;'; inch. 

(a.) When the brass ball is used as negative electrode, a form 
like fig. 9 is produced, consisting of a number of dots, and gen- 
erally two circular discs with a central nucleus each. There are 
often many more dots than are indicated in the wood-cut. It will 
be seen that this figure closely corresponds with that produced 
by frictional electricity, with the exception of the two discs and 
nuclei, and these, as will be shown, are generated by the “lumin- 
ous atmosphere.” 

(6.) When the negative electrode is a metallic point, we have 
a central nucleus, and a uniform disc of shade, fig. 10. This, 
with the exception of the central pvints, corresponds with what 
was often obtained in using frictional electricity. 

10. 11. 


(c.) With two points, the figure remains as in b. When a 
washed plate is employed, many markings of a peculiar, but 
hardly starlike nature are revealed in the nucleus, see fig. 11. 

It will be noticed that the size of the negative induction figure 
is nearly the same as that of the positive, whereas with fric- 
tional electricity, the negative figure was much larger. 

2. in. The forms are about the same as above indicated. 

;; in. (a.) When the negative electrode is the brass ball, the 
gure remains as above. 

(b.) When it is a point, a new fig- 12. 

ure is produced, see figs. 12, which 
are magnified six diameters. These 
resemble, to some extent, negative 
figures produced by frictional elec- 
tricity. The central disc is owing 
to the atmospliere. 


i 
i 


fi 
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ys in. Much like the last. 

ys in. Also much like fig. 18, or like fig. 10, the circumfer- 
ence of the circle being a dark ring. 

ys and ,;in. Like fig, 12, except that the figure is 13. 
enclosed in a ring. 

zs in. Like fig. 13, the white ring being often sha 
ded uniformly with the exterior ring. Using a point, 
figures similar to 12 are obtained, their outline being 
quite circular. These correspond with those ob- 
tained by frictional electricity. 


This is the limit of the negative spark ; and on separating the 
electrodes farther, the negative brush is obtained. This pro- 
duces, as with frictional electricity, only a general diffused 
blackening of the plate, which is, however, slight in intensity 
when compared to that obtained by machine electricity. 


Form of the figures produced by the “ Luminous Atmosphere.” 


In the year 1855, Du Moncel showed that the induction spark 
is essentially different from that obtained from a Leyden jar or 
the prime conductor of an electric machine; and it is now under- 
stood to consist of a line of light, supposed to correspond to the 
common electric spark, and of a portion termed a Juminons at- 
mosphere. This latter can be moved by a current of air so as 
to be detached from the line of light; its heating power is 
greater, and its duration longer than that of the line of light as 
shown by Lissajous. 

Prof. P. L. Rijke, in Poggendorff’s Annalen, cxi, 612, has pro- 
posed a theory to account for the presence of this luminous at- 
mosphere; he conceives the spark proper to be formed by the 
union of the electricities near the two ends of the induction coil, 
while the atmosphere, he thinks, is generated by the electricities 
from portions nearer the middle of the coil, the latter traversing 
a much greater length of wire and experiencing consequently 
much more resistance. According to this theory, then, the 
movable atmosphere consists of true electric discharges, the series 
of positive discharges being directed toward the negative pole, 
and the negative discharges toward the positive pole. This 
theory of course excludes the idea of the so-called “ atmosphere” 
being in reality simply an atmosphere of heated particles of 
matter. We have seen thus far, that, in all cases, positive and 
negative discharges produce each their peculiar figures on the 
sensitive plate, and if Prof. Rijke’s theory be correct, we should 
of course expect to find that the so-called atmosphere would 
produce on the sensitive plate definite figures analogous to those 
produced by the common spark, and, further, that the positive 
would differ from the negative figure. On the other hand, if 
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the “atmosphere” consists rye! of heated particles, we should 
expect merely a general and ill-defined blackening of the sensi- 
tive plate, which would probably be much alike at the two 
electrodes. 

The following experiments will serve to show that in point of 
fact the most remarkable difference does indeed exist between 
the positive and negative figures generated by the movable at- 
mosphere; that these figures are for the most part definite and 
delicate in outline, and filled with details that strongly suggest 
the idea that they are produced either by many discharges of 
varying intensity, or by a continuous discharge subject to con- 
stant and often tolerably regular fluctuations. These results 
serve therefore to a considerable extent to confirm the views set 
forth by Mr. Rijke. 


Mode of Experimenting.—The apparatus was arranged as be- 
fore, a metallic point or brass ball being used as electrode, and 
the spark was generated while a current of air traversed the sur- 
face of the sensitive plate. It was found in practice that blow- 
ing from the mouth across, or at a small angle with, the sensitive 
plate, answered quite well. The “atmosphere” was then drawn 
out into a streak of light on the surface of the sensitive plate an 
inch or more in length, and thus photographed itself, showing a 
mass of details quite invisible before. When the brass ball is 
used as positive electrode, figures similar to fig. 14, are pro- 
duced, consisting of a star 
which is generated under => 
the electrode, while the at- 
mosphere produces the long PORCH 
tail, which is often filled ” dd 
with complicated cross 
markings, as it were interwoven. Fig. 15 was produced by 
removing the electrode to - 
¥s in., and here it can be 
seen that the movable atmos- 
phere starts from a central 
star corresponding to the 
inner ring in fig. 4, while the 
external star of fig. 15 also corresponds to that seen in fig. 4. 
With a spark ;; in. long, figures like 16 (only partly ™ 
drawn,) are produced. Here we have a star corres- ‘ 


ponding to that which is produced by - 
frictional electricity, with the luminous : 
atmosphere emanating from near its Peon, 
centre. The same may be said of fig. 


17, obtained with a spark one inch in 

length, Fig. 18 was produced by a point, the spark being ;', inch. 
Am. Jour. Sc1.—Seconp Series, Vor. XXXVIII, No. 114.—Nov., 1864, 
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Prof. Rijke, in ordex to test his the- 18. 
ory, caused the discharge of a large 
induction coil to take place between  —° 
insulated brass points, which were con- 
nected with the poles of the coil by 
two strings wet with distilled water; the diameter of these 
strings was 5™™, their length 5 of a meter. Under these cir- 
cumstances, all of the electricity developed is subjected to a 
very considerable resistance in passing through the water, and he 
found that in this way, in conformity with his theory, the bright 
line supposed to correspond with the common spark entirely 
disappeared, and only the atmosphere remained. Experiment- 
ing in the same way, I used two wet strings, each 2 feet long, 
and ,'; of an inch in diameter, It was found that the intensity 
of the bright line was greatly diminished, though it did not en- 
tirely vanish. Using this arrangement with a spark ,', inch 
long, figures like 19 were produced; while, on removing 
the strings, the same current produced pictures like fig. 20. 
In the latter figure, attention is called to the symmetrical 
manner in which the markings in a portion of the tail are 
disposed. These wood cuts cannot of course do justice 
either to the peculiarity of the markings, or their exact dis- 
position. It seems possible that the study of markings like 
these, and others quite 
distinct, which will be no- 
ticed hereafter, may throw 
some light on the mode 
in which electricity pro- 
gresses over imperfect- 
ly conducting surfaces. 
When the electrode is re- 
moved to a distance of 
#s in. and the wet strings 
still employed, figures 
similar to 19 are still obtained. 

These experiments explain to a considerable extent the differ- 
ence between the positive figures as obtained by frictional elec- 
tricity and by the coil, showing them in great part to be due to 
the presence ef the luminous atmosphere. 


19, 


Form of the Negative figure produced by the Luminous Atmosphere. 


When the negative electrode is the brass ball, and its distance 
yz inch from the sensitive plate, the “atmosphere” is blown 
out, producing figures like 
21, consisting of an external =_ 
heavy black streak, irregular- @oo 


well defined at its edges, its °°" 
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interior being occupied by a canal with sharp edges, along which 
are disposed sharp round dots, &. The portion of the spark 
not moved by the current of air consists of a mass of minute, 
rather ill-defined dots and rings, or simply of a uniformly 
shaded circular disc. Both of these latter forms seem identical 
with those produced by frictional electricity, and we are there- 
fore led by the inspection of the negative figure to the same con- 
clusions arrived at by the study of the positive. It often hap- 
pens that from the collection of dots and rings, two or three of 
the black tails have their origin, 
showing that a double or triple spark 
had been generated; see fig. 22, 
magnified 4 diameters. It will be 
noticed that the actinic power resides 
mainly in the “atmosphere,” the col- 
lection of dots and rings being com- 
paratively faint. 

When the length of the discharge 
is increased, the figure remains un- 
altered in character, except that the 
tail takes its origin from figures like 
12; see fig. 23 (only partly drawn), 
length of spark ;‘5 inch. 

When two wet strings are used as 
before indicated, the length of the negative tail is much dimin- 
ished, and for sparks ;'; inch long the character remains as in 
fig. 21. With sparks #; inch long, the movable atmosphere 
still produced strong figures as before; but the series of rings 
and dots, corresponding to the negative figure obtained by fric- 
tional electricity, often vanishes entirely, a result quite in ac- 
cordance with the theory of Prof. Rijke. 


22. 


On certain fine Markings which often accompany the Negative Figure. 


When the sensitive plate is used as positive electrode, the ne- 
gative figures, obtained without the use of a current of air, are 
often accompanied by pecyliar fine markings, which usually ex- 
tend outward toward 
the edge of the plate. 
The details of these 
markings are general- 
ly about as fine as the 
structure of the collo- 
dion will allow, and 
they consequently 
bear a much higher magnifying power than the negative figure 
itself. An example of this kind is seen in fig. 24, magnified 
seven diameters, the distance of the electrode from the sensitive 
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plate being ,", of aninch. Another is represented in fig. 25, mag- 
nified 12 diameters; the length of the spark was ,°, of an inch, 
A large number of these markings were obtained on different 
plates, and their agreement in character is so decided that they 
cannot be attributed to accident. 
Further, their connexion can 
always be traced to certain nega- 
tive figures, and often into their 
interior. When two metallic 
points are used as before described, and positive and negative 
figures generated under them, it would be expected that these 
lines, marking the passage of electricity, would extend from one 
figure to the other. This is not the case, the markings being 
directed in just the opposite way. They are caused no doubt 
by the passage, over the sensitive surface, of comparatively 
feeble currents of electricity, and show in a remarkable manner 
the minute and often regular fluctuations which attend the de- 
velopment of the electric light under such circumstances. We 
should suppose that electricity would not produce much more 
than a streak more or less continuous under these circumstances, 
and these markings I consider among the most curious of the 
results obtained, suggesting as they often do the perspective 
view of a cylinder wound with a right and left-handed spiral. 
No markings of this kind have in any case been observed in 
connexion with positive figures, and I have not obtained similar 
tracings by the ase of frictional electricity. They are probably 
connected with the movable atmosphere, as they can often be 
traced directly to the impression left by this constituent of the 


spark, 


When the sensitive plate forms either the positive or negative 
electrode, and the length of the spark is ;'; of an inch, on re- 
moving the plate into a dark room, it is found before develop- 
ment that a very small dark ring about ;},; of an inch in diam- 
eter has been produced. It is always much fainter when the 
plate is used as negative electrode. If the iodid of silver be re- 
moved from the film by hyposulphite of soda, the intensity of 
both positive and negative rings is considerably reduced, and 
then it becomes quite difficult to distinguish the positive figure. 
I cannot say at present whether these rings are produced by 
light, heat, or galvanie action, though the relative intensity of 
them, and their occurrence on both electrodes, render the last 
supposition improbable, 

August 3lst, 1864. 
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Art. XXXVII.—Dependence of Terrestrial Magnetism on Atmos- 
pheric Currents; by PLiny EARLE CHASE, M.A., S.P.A.S.* 


ON account of the mutual dependence of all the forces of na- 
ture, and the reasonableness of Prof. Faraday’s conjecture, that 
they are often, if not always, convertible more or less into each 
other,’ it seems probable that the disturbances of the magnetic 
needle may be as closely connected with the earth’s rotation, 
and the continually changing position of each point relatively 
to the sun, as those of the barometer and thermometer. Ampére 
held that the earth is an electro-magnet, magnetized by an clec- 
tric current from east to west, the current being excited by the 
action of the sun's heat successively on different parts of the 
earth's surface as it revolves toward the east. The friction of 
trade-winds and ocean currents, and the variations of light and 
temperature that are produced by rotation and orbital revolu- 
tion, must exert an influence upon the magnetic needle, and be- 
sides these indirect effects, Arago has shown that simple rotation, 
in some unknown way, produces magnetism in bodies of every 
description. Many have supposed that this magnetism is derived 
from the earth by induction; but on account of the impossibility 
of escaping from the influence of terrestrial magnetism, it 1s 
difficult to obtain any conclusive evidence on the subject? A 
similar impossibility has interfered with Prof. Faraday’s endeav- 
ors to connect gravity and magnetic or electric action by ex- 
perimental results. The probability of such a connection has 
been shown by the electricity developed in the dry pile of 
De Lue, and by Gen. Sabine’s observauon, that when the sun 
and moon were on the meridian, the magnetic variation reached 
5°, but when they were in quadrature, it fell as low as 20’. 

The great forces of nature can be measured only by their dis- 
turbances or their deviations from uniformity. The action of 
gravity is so nearly uniform at all times and in all parts of the 
globe, that it is difficult to imagine any crucial experiment that 
could demonstrate its relations to magnetism. Perhaps a needle, 
hinged at its point of support, with the two extremities nicely 
balaneed, might help us toward such a demonstration, if careful 
experiments were tried, to show the relative influence of gravity 
upon each extremity, both before and after magnetizing, and 
when subjected to artificial magnetism, so as to produce various 
amounts of deviation from the normal dip and declination. Or, 
centrifugal force, so applied as alternately to assist and oppose 
the effects of gravity, as in large fly-wheels revolving with va- 

* From the Proceedings of the Am. Phil. Soc. 

Phil. Mag., [4], i, 68. 

* See correspondence of M. J. Nicklés, this Journal, [2], xvii, 117, ce. 

* This Journal, [2], xix, 424. 
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rious degrees of rapidity, may indicate variations of magnetic 
influence, that can be explained only by the conversion of 
gravity into magnetism, or the reverse. 

Prof. Faraday, in a lecture before the Royal Institution in the 
year 1857, endeavored to show that our usual conception of 
gravity is not in harmony with the principle of “conservation 
of force.” Prof. Briicke* and others have tried to remove the 
difficulties in which the question is involved, but I believe none 
of the proposed solutions have been satisfactory to the learned 
philosopher who first started the discussion. 

It has even been questioned whether gravity can be properly 
called a force, or whether it is anything more than a simple 
“tendéncy.” Prof. Briicke has shown conclusively, that it is 
subject, like heat and other recognized forces, to all the laws 
which regulate the interchange of actual and potential energy; 
and our barometrical investigations furnish a beautiful illustra- 
tion of the manner in which its tension is balanced by opposing 
forces. ap 

We speak, indeed, of weight, as if it could be predicated only 
of bodies at rest, and as if it were so entirely distinct from mo- 
mentum that no comparison could be properly instituted be- 
tween the two. Precisely the reverse is true. Absolute rest is 
apparently an impossible condition of matter, for, to whatever 
extent the action of opposing forces may be relatively neutral- 
ized, the inconceivable rapidity of ethereal, planetary, and 
stellar motions produces a constant change of place. Even if 
we confine our attention to the earth alone, in each instant (d?) 
every particle has a tangential motion (sin d@), and a central mo- 
tion of gravity (vers d) that constitutes a vis viva which we call 
its weight, and which is in equilibrium with the elasticity of the 
molecular ether. The sum of all the instantaneous energies is 
the same, whether the particle full freely for any given time, or 
remain apparently at rest. All the potential energy which is 
transformed in one case into the actual energy of motion,* in the 
other is counteracted by an equivalent and opposite central en- 
ergy of elasticity. Therefore, when we compare the relative 
effects of rotation and gravity, it is immaterial whether we use 
as the measure of force, the integral of the vires vive, or the re- 

* Phil. Mag., [4], xv, 81. 

* The potential energy of gravity is represented by g = 82 ft. per second. The 


earth’s rotation allowing only about 54,5 of this amount, or ‘1107 ft. per second, to 
be converted into actual energy, the remainder must be employed in overcoming 


molecular elasticity. The formula a= ( ey gives 26,221 miles as the radius 


of the sphere of attraction that is in equilibrium with the molecular elasticity at 
the e ’s surface. These opposing forces must produce constant oscillations, and, 
by the study of these oscillations, it may perhaps be possible to reconcile the sev- 
eral hypotheses of Newton, Faraday, Mossotti, and Challis, respecting the nature 
of gravitation. See Phil. Mag., [4], xiii, 231-7, and xviii, 447, 8qq. 
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spective amounts of motion that the two forces would produce, 
if they were able to act freely for the same time. ‘The difficulty 
of determining the repulsion of molecular elasticity precluding 
any satisfactory use of the former measure, I employed the other;° 
and the precise accordance of the results, thus obtained, with 
the results of observation justified the correctness of the hypo- 
thesis, in the same manner as the accurate computation of plan- 
etary motions has confirmed the Newtonian theory of gravity. 

Gravity, therefore, with the same propriety as heat, may be 
considered as a “mode of motion,” whether acting merely as 
“dead weight,” or as an accelerating or a deflecting force. If it 
can be shown that magnetism also originates in motion, we may 
be able to demonstrate the mutual convertibility that Faraday 
suspected. 

The earliest hypothesis with regard to terrestrial magnetism 
looked for its cause to a powerful magnet, lying nearly in the 
line of the earth’s axis. Subsequent discoveries led to a modi- 
fication of this view by the supposition of another magnet, 
pointing toward the Siberian pole. Mr. Barlow’s idea, that the 
magnetism is superficial and induced,’ has now been generally 
adopted, and if it could be shown that solar or rotary action 1s 
capable of developing magnetism in particles such as those 
which are known to constitute our globe, the great difficulty in 
the way of a satisfactory explanation would be removed.° 
Ampére’s, Barlow’s, and Christie’s experiments showed that 
simple rotation is sufficient to affect the magnetism of a compass- 
needle,’ and in the oxygen of the atmosphere, which, as Faraday 
discovered, has a specific magnetism, variously estimated at from 
giz* to z},,t of that of iron, we have a medium through which 
any induced magnetism may be distributed over the entire sur- 
face of the earth. Some simple experiments, that can be easily 
repeated, seem to confirm Ampére’s views, and to indicate the 
manner in which the circulating electric current is excited. 

There is a species of mechanical polarity, of which I have 
never seen any notice, that is apparently produced by motions 
resembling those to which the air is continually subjected. It 
may be exhibited in the following ways: 

1. In the middle of a basin of water lay a long strip of any 
substance (floating it by corks or otherwise, if it is heavier than 
water). After the water has become still, lift the basin carefully 
by one hand, and hold it at arm’s length. The intermittent 
muscular action produces longitudinal vibrations, which tend to 


* Proc. Am. Phil. Soc., ix, 284. 7 Phil. Trans., 1831. 

* Enc. Brit., Art. “ Magnetism.” 

* The effect of rotation on the magnetic needle may be shown in a rough way, 
by causing an ordinary grindstone to revolve rapidly, and bringing a compass near 
its edge. 

* By Becquerel. + Pliicker. 
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bring the floating strip into a line with the outstretched arm, 
and the tendency may be increased by moving the basin gently 
up and down. 

2. Hold the gimbals of a binnacle compass so that it can 
swing only in one direction, and cause it to move like a pendu- 
Jum in that direction. The needle will tend toward the line of 
oscillation. Vessels may have been lost from ignorance of this 
fact, for it is not unusual for compass pivots to become so worn 
that the needle moves sluggishly, and, in order to start it, the 
compass-box is shaken. If one of the gimbal hinges should be 
rusty, the shaking would bring the needle toward a line perpen- 
dicular to the axis of the free gimbal, and the captain might 
easily suppose that he was sailing rorth, when his course was 
due east or west. 

8. Take an ordinary pocket compass, grasp it firmly between 
the thumb and finger of one hand, and move it quickly up and 
down through a small are. The needle, as in the last instance, 
will tend toward the plane of motion. This experiment may 
be variously modified, according to the length and directive en- 
ergy of the needle, the steadiness of the operator’s nerves, &c. 
Sometimes a simple grasp, with a powerful muscular contraction, 
will bring the needle into line, without any other vibration than 
that which arises from the irresistible nervous tremor. Some- 
times the momentum acquired by each pole in its approach to 
the operator, carries it forward so as to bring the other pole 
under the wave-influence, and the needle is thus made to rotate 
so rapidly as to become nearly invisible. 

The polarity in each of the three cases here enumerated, is 
easily explained upon purely mechanical principles, but there 
are some indications that seem to show a close connection be- 
tween the mechanical vibrations and those of nervous electri- 
city. There appears to be a great difference in the control of 
different individuals over the needle. Some can bring it into 
line at once, with scarcely any perceptible motion, while others 
are obliged to use considerable effort; the needle does not seem 
at all times equally susceptible; it often appears more easy to 
produce rotation in one direction, than in the other. There 
may, therefore, be a natural connection between these experi- 
ments and those of M. Du Bois Raymond, who attached two 
strips eas to a very delicate galvanometer, and caused 
them to dip into two cups of salt water. Dipping the fingers of 
each hand into the cups, and alternately bracing the muscles of 
each arm, he produced a perceptible deflection of the needle. 
MM. Becquerel and Despretz repeated the experiment without 
obtaining very satisfactory results, but M. Humboldt was more 
successful." Add to these phenomena the well-known evidences 
of a constant current, circulating around magnets, and if we 


This Journal, [2], viii, 405. 
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suppose that electricity consists simply of vibrations, it will 
seem perfectly natural that the magnet should obey the strong- 
est vibrations. 

Barlow’s and Lecount’s laws for the distribution of the in- 
duced magnetism in masses of iron, are precisely the same as 
would follow from the relative vmnaiieal motions of different 
portions of the earth, provided the magnetic axis coincided with 
the axis of rotation. It is therefore reasonable to presume that 
they accurately represent the superficial motions or currents on 
which the magnetism depends, and to hope that a careful study 
will enable us to detect the cause of the oscillations that polarize 
the air and all other bodies that are capable of vibrating in har- 
mony with it. 

If the earth were stationary, the sun’s heat would produce a 
constant ascending current over the whole meridian, which 
would be enatet by colder lateral currents from each side. 
The effect of these several currents would be a mechanical at- 
mospheric polarity, precisely analogous to that which was indi- 
cated by our experiments upon the control of the magnetic 
needle by mechanical vibrations. 

In consequence of the earth’s rotation, this condition exists 
only at the instant of noon. At all other times, the flow of the 
cool air toward the equator, and of the warm air to the coldest 
portions of the globe, is modified by the earth’s motion. The 
warm air rises at the equator, and flows toward the point of 
greatest cold, until it becomes sufficiently cooled to sink to the 
earth. Still flowing onward, it absorbs the heat of the earth, 
until it is so rarefied as to rise again. This process of alternate 
rise and fall, is continued until the air reaches the pole, and then 
returns by the same law, and in a similar manner, to the equa- 
tor." These currents, which are flowing at all hours, and in all 
portions of the earth, produce an atmospherical directive energy 
toward the poles of maximum cold, which appear, according to 
Sir David Brewster, to coincide with the magnetic poles. 

Now, if we consider that in addition to these permanent cur- 
rents, there is a continual motion of silent convection, the warm 
air rising, and the cold air descending in parallel columns, like 
the particles in a vessel of boiling water,” and if we remember 

™ Halley, in 1686 (Phil. Trans. No, 183), explained the trade wind, and the ne- 
cessity of a reverse upper current, but he found it “very hard to conceive why the 
limits of the trade wind should be fixt about the 30th degree of latitude all around 
the globe.” The problem has been solved by Prof. Ferrel. I am not aware that 
any one has ever pointed out the combined effects of convection, absorption of heat 
from the earth, and the daily superposition of the rotation- and temperature-currents, 

2 It is very probable that this motion of convection is a more important agency 
than has geuerally been supposed. If we close the lower drafts of a common air- 
tight stove, and open a register immediately over the fire, the cold air does not rush 
directly to the draft pipe; but it falls with great velocity to the surface of the fuel, 
as may be shown by dropping pieces of paper through the register. 

Am. Jour. Sc1.—Seconp Series, XXXVIII, No. 114.—Nov., 1864. 
48 
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that the warm air is charged with moisture which is condensed 
as it ascends, parting thereby with much of its heat and elec- 
tricity, we can hardly deem it necessary to adopt Dr. Dalton’s 
hypothesis that ferruginous matter is the source of atmospheric 
magnetism. Still, the existence of vaporized iron in the air un- 
doubtedly contributes an increased intensity to the magnetic 
currents, and it may probably be an important agent in the pro- 
duction of magnetic storms. 

The two vibratory systems above mentioned are conjoined 
during the hours when the sun is above the horizon, and the 
laws of motion applicable to the first system correspond pre- 
cisely, as I propose to show hereafter, with the laws of the solar- 
diurnal magnetic variation deduced from General Sabine’s ad- 
mirable discussions of the St. Helena observations. It is not so 
easy to explain in its minute details the comparatively insignifi- 
cant lunar-diurnal variation, but I am convinced that the aérial 
currents produced by lunar attraction will sufficiently account for 
all the magnetic influence that is due to the moon exclusively. 
The changing barometric pressure, and the deposition of dew 
during the night, modify these currents in such a way as to dis- 
guise the simple effect of any slight disturbing cause; neverthe- 
less, there is a manifest tendency, underneath all the disguise, 
to maxima and minima at the precise hours when they ought to 
occur in consequence of the moon’s attraction. 

In the influence of the violet rays upon magnets, the connec- 
tion of the violet rays with the tension of brass in the polari- 
scope, the excitement of magnetic vibrations in iron by per- 
cussion and torsion, the increase of magnetism by cold and its 
diminution by heat, and the general correspondence between 
Challis’s laws of molecular action and the laws of attraction and 
rotation, we may find interesting evidences of the unity of force 
which all modern discovery tends to demonstrate, and in that 
unity a sufficient explanation of the observed annual and secular 
variations of the magnetic needle, the disturbing magnetic effects 
of auroras and solar spots, the changes of the wind, and storms 
of every kind. Some of the well-known phenomena of storms 
furnish a ready test of the principles 1 have attempted to es- 
tablish. 

Although I have described the general tendency of a particle 
of air, it is not probabie that all the atmosphere, or even perhaps 
any considerable portion of it, follows so regular a path. In the 
upper regions, where the air is not so much affected by the radi- 
ation of the earth, it may oscillate, as suggested by Redfield, 
“from centrifugal action toward the equator, and gravitation to- 
ward the poles,” and between the points of decussation there 
are undoubtedly eddies which have a general movement east- 


* This Journal, xxv, 130. 


P. E. Chase on Terrestrial Magnetism. 379 


ward or westward, in accordance with the theory of M. Dové. 
The disturbance of the «ther, dependent upon the relative at- 
tractions of the earth and sun, probably produce tides corres- 
ponding in time with those of the barometer, which must modify 
the atmospheric currents. 

Having thus ascertained the causes and directions of the prin- 
cipal normal currents, the ordinary theory of winds enables us 
to understand the effect of mountain peaks, deserts, forests, 
rivers, and ocean streams. Every point of the earth’s surface 
that accumulates or radiates an undue amount of heat, becomes 
a centre of polarity with an attractive energy that disturbs the 
atmospheric equilibrium, tending to produce wind and rain. If 
the disturbance is confined to a limited area, there is a well- 
known cyclonic tendency, the portion of the eddy which is near- 
est the equator generally flowing eastward. Mr. Galton” has 
ingeniously shown that, in descending ¢yclones, the direction 
may be reversed, and I should expect a similar reversal to be of 
frequent occurrence in the neighborhood of some of the power- 
ful ocean-currents, at points where they tend to produce back- 
ward eddies. Such points are found midway between the Sand- 
wich Islands and California, about 385° west of Chili, near the 
west coast of New Holland, in the Indian Ocean, northeast of 
Madagascar, and in other places. 

The effect of ocean-currents in producing cyclones, and di- 
recting their course, is well illustrated by the repeated observa- 
tions that have been made in the Gulf Stream. Prof. Lesley’s 
interesting account of the series of storms encountered by the 
Canada on her one hundredth voyage,” exhibits the natural 
consequences of the friction of two belts of air at different tem- 
peratures, moving in opposite directions. The warm air over 
the Gulf Stream, and the cold air over the Arctic currents that 
flow nearer to the American continent, are both borne very 
nearly in their normal directions, but with the approach of win- 
ter their parallelism becomes almost vertical, the cold belt be- 
comes wider from its encroachment upon the land, and the vor- 
tices that arise from their concurrence are frequently brought 
down to the surface of the ocean, instead of taking place in the 
higher regions of the air, as they usually do during summer. 

While sudden, violent tempests that are occasioned by local 
disturbances over a limited area, are almost necessarily cyclonic, 
I am inclined to adopt Espy’s theory with regard to long storms, 
that usually “the wind will blow in toward a line rather than 
toward a point;’’ and in favor of this hypothesis, as well as of 
the periodicity of weather-changes, I would suggest the follow- 
ing explanation. 


* Phil. Mag., Sept., 1863. 
Pruc. Amer. Philos. Soc., ix, 361. 
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The normal currents of the atmosphere are subject, as we 
have seen, to a daily disturbance by the sun’s action. This dis- 
turbance, like the moon’s tidal action, is cumulative, and has a 
constantly increasing tendency to overcome the aérial polarity. 
The gathering wave follows the sun until it is saturated with 
vapor, and as soon as it becomes powerful enough to influence 
the normal current, it must produce a shifting of the wind and 
a deposition of moisture. The equilibrium of temperature is 
then restored, to be subjected anew to the same constant dis- 
turbance and the same stormy culmination. 

[My attention has been called by the Journal of the Franklin 
Institute, to some extracts from the London Atheneum for Janu- 
ary, announcing a paper on Magnetic Storms, which was read 
by Mr. Airy before the Royal Society, in which the Astronomer 
Royal appears, in some measure, to have anticipated my views 
upon the sources of terrestrial magnetism. 

As I have not yet seen the paper in question, I do not know 
how far the priority may extend; whatever may be its limits, it 
will give me pleasure to yield my claims to so distinguished and 
cautious an investigator, and to find that my own independent 
conclusions have been so ably corroborated. And I believe I 
have good grounds for hoping that in the specific solar action 
which I have pointed out, Mr. Airy will find the precise “ occa- 
sional currents produced by some action or cessation of action 
of the sun,” for which he is looking. ] 


Art. XXXVIII.—On the Principal Causes of Barometric Fluctu- 
ations ;* by PLiny EARLE M.A., S.P.A.S. 


THE powerful and prejudicial influence of an inveterate sci- 
entific error, is shown in the following dogmatical statement of 
Mr. Joseph John Murphy, an investigator who has lent useful 
aid to meteorological science.” 

In the Edinburgh New Philosophical Journal for April, 1864, 
p. 183, he says; ‘ Were the atmosphere not acted on by heat, it 
would be everywhere at rest, and every level surface, at what- 
ever height, would be an isobarometric surface. .... The earth’s 


? From the Proceedings of the American Philosophical Society. 

? Mr. Murphy was an early and independent advocate of so much of Mr. William 
Ferrel’s theory, as explains the polar depression of the barometer by centrifugal 
force and friction. Mr. Ferrel’s paper, which appears to have been the first publi- 
cation that contained a true explanation of the equatorial as well as the polar baro- 
metric depression, of the maxima near the parallels of 30°, and of the cause of the 
rotatory motion of storms, was printed in the Nashville Journal of Medicine and 
Surgery, and afterward in pamphlet form, in the summer of 1856. The subject 
was treated at greater length in his essay on “the motion of fluids and solids rela- 
tive to the earth's surface,” which was published in the Mathematical Monthly for 
1859, vol. i, p. 140, sqq. 


P. E. Chase on Barometric Fluctuations. 381 


rotation cannot produce currents, but it modifies them when 
they are produced by the action of heat.” 

There can be no oak that heat is one of the causes, and in 
most places it is, perhaps, the principal cause, of those atmos- 
pheric disturbances which are modified by rotation, but the as- 
sumption that the atmosphere ‘would be everywhere at rest,” 
— for differences of temperature, leads to palpable absurd- 
ities. 

It — be freely admitted that Galileo, in attributing the 
ocean tides exclusively to “the rotation of the earth, combined 
with its revolution about the sun,”’ attached too much importance 
to the simple combination of the motions of rotation and orbital 
translation, but his mistake is no greater than the opposite be- 
lief, which is now too prevalent, that there is only a single in- 
fluence which can produce any important tidal effects in the at- 
mosphere. 

In the last number of this Journal, I stated that if M is the 
barometric mean for any given day and place, and 4 is the moon’s 
altitude, observation and theory concur in demonstrating that 
the lunar tide may be expressed by M C (sin 4 cos 9),* C being a 
constant to be determined for each station, the principal elements 
of which are functions of the latitude, of gravity, and of time. 
I subjoin, in illustration, a 


Table of the average daily lunar barometric tides. 


7 
Station, } | Station. 
|| Lunar 
ours, | || Hours. | 
St. Helena. Girard College. | St. Helena. Girard College, 
in. } in. in 
0 —-00006 +°00813 6 —00276 -00308 
1 --00051 +°00341 7 00242 00339 
2 -00172 +00291 8 -00121 -—00290 
3 -00253 +°00214 | 9 | 00046 —00206 
4 -00315 -0001L 10 | 400021 +°00013 
5 -—00330 -—"00144 +°00035 +°00149 


The existence of the tidal law, which, as we have seen, should 
produce differences in the respective ratios of ‘5, ‘866, and 1, at 
1, 2, and 3 hours from the mean tide, is shown in the following 


* See Proc. Am. Philos. Soc., ix, 283-4. 

* This is evidently only another form of a single element in La Place’s law of the 
tides, I present it in this shape, both because I obtained it or gai and be- 
cause it makes the resemblance to my rotation formula more striking. 


‘ 


| 
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Table of tidal differences and ratios, 


) Differences of Barometer. ~ Ratios 
1ons. nar time, Th. Oh. 3h. 
| Before 2h, | , ‘00166 | 09207 585 802 | 1 
¢ | 
Es | After 2h, | 00081 | 00143 | 00158 ‘601 905 | l 
= Before 84, ‘O0O1Z1 | 00155 | 00209 ‘579 "742 1 
ae After 8h, ‘00075 | 00142 | ‘09156 ‘481 917 | 1 
Mean, . | | ‘00151 | ‘00182 B45 “830 | 1* 
Mean ratios, 841 1 
Before 4h, 00225 | 00302 |-00352 || 639 | “858 | 1 
Si | After 4", ‘00133 | 00297 | 00828 || 405 | 905 | 1 
Before 10h, 00219 | 00303 | 003852 602 | i 
=z After 106, 00136 | 00300 | 003828 “415 915 | 1 
|Meax, . . . | 00178 | 00300 | || ‘524 | “884 | 1 
So Mean ratios, | ‘D515 885 | 1 
Grand Mean, or average of Mean ratios, . .|| °525 863 | 1 


By a partial interpolation for the true time of mean tide at 
St. Helena, I obtain for the ratios of the means ‘557, °866, and 1, 
corresponding precisely with theory at 2" from mean tide. The 


tables furnish suggestive evidences of the effect of declination, 


the varying tidal influence of attraction, when acting with and 
against rotation, and the resistance of gravity to the +tidal flow 
of air. 

There are, therefore, manifestly four important causes of ba- 
rometric disturbance: 1, rotation, with its quarter-daily phases 
of alternate aid and opposition to the attraction and temperature- 
currents, and of shifting the aérial particles to levels of greater 
or less density ; 2, variations of temperature and vapor; 3, lunar 
attraction; 4, solar attraction. Among the subordinate causes, 
perhaps the next in order of importance is, 5, resistance of the 
zether, which, according to Fresnel’s theory,’ is subject to the 
laws of inertia and attraction, as well as to those of elasticity. 
If his theory is correct, the terrestrial sther (or the portion 
which partakes of the earth’s rotation) may be so modilied by 
the planetary ether (or the portion which revolves about the 
sun), as to produce a resistance varying at different hours, and a 
consequently varying atmospheric compression, which may some 
time enable us to measure its own density. The solar attraction 
may be constantly tending to accumulate the terrestrial zther, 
as well as the atmosphere, in a spheroid with a major axis in the 
line of the radius vector, and the position of the axes, as in the 

# Major-General Sabine’s table of the lunar tides at St. Helena, from October, 
1843, to September, 1845 (Phil. Trans., 1847, p.48), gives for the ratios of the mEay, 
497, ‘832, and 1, which, if averaved with the mean at Girard College, gives a gen- 
eral mean of ‘512, "858, and 1. The Granp mean for the entire periods of observa- 
tion at the two stations, is ‘500, ‘849, and 1. 

* It is, perhaps, hardly proper to call this “Fresnel’s theory,” since it folléws 
necessarily from the conception of au extremely tenuous and elastic material fluid, 
such as the ether is generally suppose! to be. But I believe M. Fresnel has done 


more than any one else to show the agreement of the hypothesis with observed 
phenomena, and his labors deserve to be kept in honorable remembrance. 


i 
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case of the ocean and atrial spheroids, may be modified by rota- 
tion. It appears to me that one of the most probable results of 
the rotation of the earth with its atmosphere, in an ethereal 
medium, would be the production of two systems of oscillations, 
moving with the rapidity of light, one in the line of the earth’s 
orbit, and the other in the line of its radius vector, and that 
those systems would be constantly so related that while one 
tended to retard, the other would tend to accelerate the earth’s 
motion. 

The influences of rotation and attraction can be calculated, 
and, after deducting their amount, the problem of accounting 
for the residual disturbance wil! be simplified. Or, by taking 
the average of a long series of observations made at each hour 
of the solar day, the effects of ]unar attraction may be so far 
eliminated, that they can be safely disregarded in attempting to 
fix the approximate value of the other principal disturbances." 
The forinula for the rotation tide has already been given, and 


_ observation appears to indicate that it is retarded about an hour 


by inertia; next in order of importance are the temperature and 
vapor tide, and the solar tide. It would be presumptuous in the 
present stage of our investigations, to attempt to fix the precise 
amount of disturbance which is attributable to each of these two 
tides, but from the following considerations we may derive con- 
jectural results, which appear to me to be more satisfactory and 
philosophical than any that have been heretofore obtained. 

The theoretical maxima of the rotation tide, allowing an hour 
for the lagging of inertia, occur at 4" and 165; the minima, at 
104 and 22, The solar attraction maxima, with the same al- 
lowance, should be found at 1" and 13"; the minima, at 74 and 
19, If we assume that the attraction tidal curve is symmetrical, 
and regard all the deviations from symmetry as occasioned by 
differences of temperature and vapor, we may readily construct 
the following approximate daily barometric tidal table (p. 384). 

Imperfect as these first approximations confessedly are, and 
probable, nay, almost certain, though it be, that a large portion 
of the residual tide should be transferred to the temperature and 
vapor column,’ yet I think the above table will be found sug- 

* The absence of any long series of observations at each hour of the lunar day, 
prevents our eliminating the effects of solar attraction in a similar way. Never- 
theless, I propose at some future time to attempt the elimination, so far as prac- 
ticable with the tables at my command, in the hope of thereby effecting a more 
accurate determination of the temperature and vapor tide. 

7 T can see no good reason, at present, for supposing the existence of a solar tide 
greater than ‘002 in., which would be equivalent to ‘0005, ‘0009, and 001, at 1, 2, 
and 3 hours from the mean tide. This would reduce the quarter-daily residual tide 
at St. Helena, to the following form: 

Ih. 2h. 3h. 4h. 5h. 6h. Th. 
— 0033 —0029 +0008 +0019 +-0019 

If this residual be added to the preceding column, it gives a result accordant 
with the 6th inference, except two disturbances, which, I think, can be easily ex- 
plained, one at midnight, and the other in the hottest part of the day. 


G 
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935 | +-0126 | --0196 | +0040 || -2899 | +0149 | --0081 | +0010 


+0258 | --0090 | +0014 


TABLE. 
Girard College, 1842-44. l St. Helena, 1844-46. 
Mean height, 29°938 inchos.* | Mean height, 25 2521 inches. 
| | Fz | | | 
| § evs | 33 
O | | +0126 | --0031 | --0045 || "2985 | +0149 | +0085 | 
1 927 | | -'0055 || ‘2819 | +0021 | --0023 
2| 915 | -0126 | --0059 | --0045 ‘2660 | --0149 | +0008 | --0020 
8 | ‘909 | | --0058 | --0015 || | --0258 | --0008 | --0007 
4 908 | | --0053 | +0005 ‘2621 | --0298 | --0010 | +0008 
5 | ‘911 | | --0075 | +0022 || -2562 | --0258 | --0015 | +0014 
6 | 917 | -0126 | —-0124 | +0040 | --0149 | -- 0040 | +0010 
7 | | | +0040 || | | +0010 
8 
9 


| 

942 | +0217 | --0199 | +0022 || -3003 
10 | -945 | +0252 | --0187 | +0005 || -3061 | +-0298 | --0066 | +0008 

11 | | +0217 | --0122 | --0015 || 3025 | +0258 | --0047 | -9007 | 

12 | “941 | +0126 | | --0045 || -2913 | +0149 | --0087 | --0020 | 

18 | ‘938 +0055 | -—-0055 2777 | | 0021 | -0023 | 

| 

| 


14 | 935 | | +0141 | --0045 || 2646 | -0149 | --0006 | --0020 
15 | -933 | --0217 | +0182 | --0015 || | -0258 | +0006 | --0007 
16 | -984 | --0252 | +0207 | +0005 || 2550 | --0298 | +0019 | +0008 
17| -940 | --0217 | +0215 | +0022 || -2611 | -0258 | +0084 | +0014 
18 | 950 | -0126 | +0206 | +0040 || “2737 | --0149 | +0055 | +0010 
19 | -959 | +0170 | +0040 2898 | +0067 | +0010 


20 | | +0126 | +0114 | +0040 ‘3048 | +0149 | +0068 | +0010 
21 | 968 | +0217 | +0061 | +0022 || 3163 | +0258 | +0070 | +0014 | 
22 °967 | +0252 | +0033 | +0005 +°0298 | +0057 | +0008 
23 | 958 | +0217 | -0002 | --0015 || 3117 | +0258 | +0045 | --0007 | 


estive of valuabie inferences, of which the following are per- 
aps among the most important. 

1. That the apparent osculation of the solar and residual 
curve near the hours of high barometer may perhaps be owing 
to «ethereal resistance. 

2. That the cumulative action of the sun upon the air and 
zether may possibly render the disturbing influence of its attrac- 
tion upon the atmosphere even greater than that of the moon. 

8. That the paradoxical assumption of those who advocate 
the temperature theory of the quarter-daily tides, that a depend- 
ent relation can exist between the barometrical changes and the 
changes of temperature, which “appears to be direct durin 
the morning hours, and inverse during those of the day pes 
evening,”® is unnecessary, useless, and unphilosophical. 

4. That in intertropical and medium latitudes, the average 
daily barometric tide which is attributable to variations of tem- 
perature is smaller than the rotation tide. 

5. That there is but one high and one low temperature tide 
in twenty-four hours. 


* The sum of the tides + the mean height = observed height. 
* James Hudson, Phil. Trans., 1832. 
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6. That the effects of temperature upon atmospheric pressure 
reach their maximum in the evening, when the aérial absorption 
of heat from the sun ceases to be in excess of its radiation, and 
their minimum in the morning, when radiation ceases to be 
greater than absorption. 

7. That the daily temperature tide increases, while the rota- 
tion tide diminishes, as we approach the poles. 

8. That, in consequence of rotation, there should be a slight 
tendency to vertical ascending currents at 4" and 165, and de- 
scending currents at 10" and 224, 

9. That, whatever modifications the table may require, there 
can be no doubt of the existence of the three tides, with maxima 
and minima near the times specified, or of the possibility and 
desirability of accurately determining their magnitude. 

The phenomena on which these inferences are based are all 
susceptible of a simple and obvious explanation, and thus, by 
reasoning alternately @ priort and a posteriori, we elicit, from a 
scheme of seemingly lawless confusion, the beauty of a most 
marvellous order. 


Art. XXXIX.—A new Meteoric Iron from Wayne County, Ohio. 
—-Some remarks on the recently described Meteorite from Atacama, 
Chili; by J. Lawrence Smiru, Prof. Chem. Med. Dep. Uni- 
versity of Louisville. 


Meteoric Iron of Wayne Co., Ohio. 


THE existence of a mass of meteoric iron from Wayne county, 
Ohio, has been known to me for some years; but I have delayed 
noticing its existence, hoping to obtain the mass and thus give a 
more complete description of it than I am able to do. 

My attention was first called to it by Prof. James C. Booth, of 
the U.S. Mint at Philadelphia, it having been brought to him 
by Peter Williams, of Wooster, Wayne county, Ohio, who sup- 

osed it to be a mass of silver or some other precious metal. 
Prof Booth saw at once that it was meteoric iron, and tried to 
procure it from Mr. Williams; but from some notion of its pos- 
sessing considerable intrinsic value, he retained it, and since that 
time both the iron and Mr. Williams have been lost sight of. 

Prof. Booth detached a small portion of it, part of which spe- 
cimen he placed at my Sanaa, with the following memoran- 
dum: “ Meteoric Iron, given me in 1858 by Peter Williams, of 
Wooster, Wayne county, Ohio. It was a rounded mass, weigh- 
ing about 50 fbs., and found by him in a woods near the above 
place, while gathering boulders to pave a town. It exhibits the 
usual figures, on application of acid to a smooth surface.” 

Am. Jour, 8c1.—SEeconp Series, Vor. XXXVIII, No. 114.—Nov., 1864 
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As it is a well authenticated meteorite, it is proper to make a 
record of it. Its specific gravity is 7-901, and it is composed of— 


Iron, - - - - - 93°61 
Nickel, - - - - 6°01 
Cobalt, - - - - - 13 
Copper, very minute, not estimated. 

100°48 


There was a very small quantity of manganese, that has been 
estimated along with the nickel. 


The new Atacama Meteorite. 


A fragment of the meteorite lately described by Prof. Joy, 
(this Journal, March, 1864, p. 248,) has been sent to me by 
Prof. C. F. Chandler, and I have thus been afforded an opportu- 
nity of carefully examining it. I had at first supposed that it 
might be in some way related to the well known Atacama iron; 
but it is very clear, by the most casual inspection, that it has no 
connection with that iron; at the same time it resembles so 
closely another meteoric mass from that region, in fact, is so 
identical with it in all particulars, that if it had not hailed from 
another locality, it would be pronounced a portion of the mete- 
orite from Sterra de Chaco, Atucama, described in 1863 by Prof. 
Ruse (see p. 131, Buchner, Geschichte der Meteoriten). 

Prof. Joy omitted to mention in his paper that the meteorite 
was said to have been fond in the Janacera pass. 

The meteorite from Sierra de Chaco was, at the time it was 
described, unique in its physical characteristics; the close resem- 
blance to it, therefore, of the one under notice, and its coming 
from Atacama has induced me to investigate as far as possible 
the relative position of Sierra de Chaco and Janacera pass. 

The best authority on the geography of Chili in this country, 
is doubtless Capt. Gilliss, of the U. S. Observatory at Washing- 
ton; in answer to my enquiries on the subject, he gives the fol- 
lowing information : 

“T do not know any pass in Chili named Janacera; there is 
a river Jarquera, which has its origin near one of the passes in 
Atacama, and very probably there may be a pass of the same 
name. The river Jarquera is to the northward and eastward 
of Chaco, the former being within the chain of the Andes, and 
Chaco most probably is in the western or coast range. They 
are from 120 to 150 miles apart.” 

As it is important to locate this meteorite correctly, I have 
written to Prof. Domeyko on the subject. The village of Chaco 
is situated near latitude 25° 20’S., and longitude 69° 20’ W. 
from Greenwich ; and its height above the sea is 8,778 feet. 
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The meteorite in question is so intimate a mixture of metallic 
and stony matter, that it is difficult to say whether to rank it 
among the stony or metallic meteorites. ‘l'reated with a mixture 
of nitric and chlorhydric acids, and slightly warmed, the metal- 
lic portion is rapidly dissolved, without the form of the mass 
being altered. Its mineral constituents are readily separated by 
the combined aid of chemical and mechanical means; and, be- 
sides the iron, I have been able to separate small but distinct 
particles of chromic iron, smal] spherical masses of olivine as 
beautiful in color and as transparent as that from the Pallas me- 
teoric iron, and also a pyroxenic mineral; and perhaps with a 
larger amount of material to work upon, other minerals might 
have been recognized. , 

I have nothing to add to the careful chemical examination by 
Prof. Joy, having detached mechanicaily most of the minerals 
that he deduced from analysis. 


— 


Art. XL.—On a Process of Organic Elementary Analysis, by 
Combustion in a Stream of Oxygen Gas; by C. M. WaRREN.* 


THE process in general use for ultimate organic analysis had 
seemed to me so nearly perfect as to leave little room for any 
very marked improvement. Like all other processes of analysis, 
however, it has its own peculiar sources of error, inherent in the 
nature of the substances employed, and in the manipulations to 
be performed. But these appear to have been reduced to a min- 
imum; so that, with great care and the necessary skill, there 
can be no reason to doubt that that process, with the various 
modifications which have been proposed to meet special cases, is 
capable of affording as accurate results, in a majority of in- 
stances, as Gan, perhaps, be claimed for any other analytical pro- 
cess. Nevertheless, there are instances, and they are doubtless 
numerous, where so satisfactory a solution of the question which 
may be under consideration as would be highly desirable can- 
not be attained by that process. It was after repeated unsuc- 
cessful efforts, in a case which appeared to be of this kind, that 
I was led to conceive the idea of making the combustion in 
oxygen gas alone; and to devise the method which I am about 
to describe. 

Were it not for the danger of explosions in the combustion 
tube, the occurrence of which would, at least, render its use 
fruitless of good results, pure oxygen, as a combustion agent in 
analysis, would seem, of all substances, the one most naturally 
suggested. This apparent difficulty is probably the chief reason 
why it has not long ago been laanale into general use; its 


* From the Proceedings of the Amer. Acad., Boston, March 8, 1864, vi, 251. 
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employment since the time of Prout, so far as I am informed, 
having been mostly confined to the combustion of the residual 
carbon of highly carbonaceous substances, after the other decom- 
position products, containing the hydrogen, had been burnt at 
the expense of oxyd of copper. 
By a very simple device T wtiety obviate the danger of ex- 
losion; viz: the combustion tube is closely packed with as- 
tus, or other inert substance,’ and yet so loosely as to leave 
free passage for gases through the interstices. The packing of 
the tube requires some care. This, however, may es readily 
accomplished, giving great uniformity to the mass of asbestus, 
by having the latter carefully broken into small, loose pieces, 
which are gradually added to the tube, and arranged in position 
by means of a stiff iron wire. Little attention need be had to 
the packing of the centre of the tube, as this will come right 
of itself, if the packing against the sides is properly done. It 
will be found convenient and expeditious to turn the tube con- 
tinuously in the hand, and cause the end of the iron rod to fol- 
low around against the sides of the tube, placing the asbestus, 
by gentle taps, alongside its inner surface, so that only very 
small open spaces may be seen. 

In the experiments which I have made, I have generally had 
about ten or twelve inches in length of the tube filled with ass 
bestus. As the combustion takes place within a very short 
space, it seemed at first that the tube might be reduced consid- 
erably below the ordinary length; it was found, however, that 
shortening of the tube below a certain limit made it difficult to 
control the distillation of volatile substances and prevent too 
rapid combustion; it being essential in this, as in other pro- 
esses, that the combustion should proceed slowly, and with a 
good degree of regularity; otherwise it would be difficult to 
regulate the supply of oxygen to meet the demand of the burn- 
ing substanee. By having the column of asbestus of consider- 
able length, the anterior end of which only is ignited, the sub- 
stance, if volatile, becomes diffused through a large space, and 
the distillation thereby easily controlled, as only a small portion 
of the substance need then be heated at a time. Doubtless a 


* Thave used only asbestus in my experiments thus far, and in every instance 
with perfect saceess, Quartz sand, selected with eare as to the size of the grains, 
had suggested itself, on account of greater convenience in filling the tube, as it 
would properly arrange itself on simply being poured into the tube. It would, 
however, be liable to the objection, that any jarring of the tube, while lying upon 
the combustion furnace, would be likely to settle the particles more closely to- 
gether and form a channel along the top, ia which an explosion might take place 
which would spoil the analysis. I therefore prefer asbestus to any thing which I 
have thought of; and any apparent inconvenience in preparing a tube with this 
substance will pass into insignificance, if the precautions which I advise for pro- 
tecting the tube from breakage are observed, as they the sume tube may be made 
to last for a long time. 
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shorter tube would answer equally well for many non-volatile 
substances. It will be observed that the asbestus packing is but 
another application of the principle involved in the use of wire 
gauze in Davy’s safety-lamp.* 

In order to obtain perfect control of the analysis, and to be 
always certain that the requisite quantity of oxygen is being 
adinitted, I have adopted certain simple expedients, enumera 
below, which have been found fully adequate to that end. 

1. The distillation of the substance, if volatile, is effected by 
means of a bar of copper, placed over and attached to one of 
Bunsen’s burners, as shown at a, in the following figure. 

This bar, having first been brought to the maximum temper- 
ature which the lamp is capable of producing, is placed near or 
under the bulb containing the substance; applying that part of 
the bar nearest or must remote from the flame, or an interme- 
diate point, according to the temperature required. 

The steadiness of the heat thus applied, and the facility with 
which it may be regulated by simply moving the bar, render it 
decidedly preferable to any other means which I have employed 
for that purpose. I had for a long time used such a bar for the 
same purpose in the old process, with extreme satisfaction. In 
some cases a bar of copper laid on the combustion furnace,* one 
end projecting into the flame by which the tube is being heated, 
and the other end raised and extending toward the substance, 
has been found to answer a good purpose, 

2. In the case of volatile bodies (I have not yet analyzed any 
others by this process), I have found the combustion to proceed 
most satisfactorily when, having first heated about four or five 
inches of the anterior portion of the tube, which includes the 
oxyd of copper, and started the flow of oxygen, I apply the 
heated bar to the bulb containing the substance, and immedi- 
ately expel the whole of the liquid,—which becomes at once 

? It has occurred to me that my safety-tube may serve as the basis of a more 
simple and equally accurate process for the analysis of gases by gradual combus- 
tiun instead of explosion, in which weighing would take the place of measurement, 
I propose, at an early day, to study this question by a series of experiments, 

* As there are those, and probably they are many, who still persist in the use of 
eharcoal in place of the more modern gas furnaces for generating heat for combus- 
tions, I desire here to say that I have in use one of Baumhauer’s gas furnaces, pro- 
cured a few years ago from Luhine & Co., in Berlin, which seems to me to have no 
fault. It is impossible for me to conceive what objection one could have to it, un- 
less it be that a naked tube might become overheated along the bottom; and this 
would be a valid objection if the remedy were not so simple. If the tube be laid 
in a trough of sheet iron (brass is objectionable, in my process, on account of its 
obscuring the tube with oxyd of zinc), with a thia layer of asbestus between, and 
fastened together with wire, no harm could ever occur from overheating. A tube of 
Bohemian glass, thus protected, may be used for a large number of analyses; and, 
indeed, become almost a permanent fixture upon the furnace. The asbestus pre- 
vents the glass and metal from adhering together,—which is probably the chief or 
only cause of breakage of wrapped tubes,—so that sudden cooling and re-heati 
may take place with perfect security. It is important that the iron trough sho’ 
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absorbed by the asbestus,—and then, if necessary, gradually 
move the heated bar forward, driving the substance toward the 
ignited portion of the tube, until it shall have reached that point 
in the tube where the temperature is just sufficient to cause the 
oxygen to take up the vapor in suitable proportion; indicated 
by the bubbles of oxygen and carbonic acid, as will be described 
below :—a point as easily found as, in the old process, that of 
the requisite temperature for proper distillation of the substance. 
When this is accomplished, which will oceupy but a short time, 
the heat in front of and behind the substance being constant 
and uniform, no further manipulation of the heat is required— 
the supply of oxygen only requiring attention. In the ordinary 
way, on the contrary, in which the heat is applied only on one 
side of the substance, tlie latter, if volatile, is constantly chang- 
ing position backward in the tube, necessitating a corresponding 
movement of the heat in the same direction, which requires 
constant care and considerable skill. 

This proceedure—referring to the immediate expulsion of 
liquid from the bulb, etc.—implies that that portion of the tube 
immediately forward of the bulb should not already be too 
warm, which might easily be the case with a body of very low 
boiling-point. It would then be necessary to expel the sub- 
stance from the bulb no faster than the oxygen would absorb it 
in the proper proportion; which, as experience has shown, may 
be easily accomplished. 

With a body of extreme volatility it may be necessary also 
to place a dish containing pieces of ice under the bulb; as even 
the temperature of the surrounding air might in such a case 
cause the substance to pass forward too rapidly. 

8. The oxgen is admitted through Liebig’s potash bulbs con- 
taining sulphuric acid; and the carbonic acid formed is absorbed 
by similar bulbs with potash; to which is attached a tube filled 


not extend much backward of that part of the tube where it is desired that the 
combustion should take place, so that the temperature of the principal part of the 
eolumn of asbestus may remain under the control of the operator, by means of the 
heated copper bar, or otherwise. 

Independent of the use of a metallic bar, as described above, or any novel ap- 
pliance, the heat can be regulated by this furnace with a nicety as great as, or even 
greater, than, by the use of coal. The partitions in this furnace, between the cocks, 
are two inches apart; so that the gas from one of the jets ignites about two inches 
of the tube. To rely, therefore, alone upon the cocks for regulating the heat in 
burning the substance, would doubtless often lead to bad results; but the heat may 
be made to approach the substance in the most gradual manner,—next to that of 
conduction by a metallic bur,—by making use of a piece of thin brass plate, about 
two inches long, and half an inch wider than the top of the furnace, the edges of 
which are turned down against the sides. 

If this plate is laid on the wire gauze covering the furnace, and pressed down so 
as to fit closely enough to prevent the gas from igniting under it, the gas escaping 
from the cock underneath may all be made to burn at one end of the plate, and to 
oro hag heat along the tube as gradually as the plate itself is capable of being 
move 


C. M. Warren on Organic Elementary Analysis. 391 


with soda-lime and chlorid of calcium, as recommended by 
Mulder,‘ to take up any traces of carbonic acid which may es- 
cape absorption in the bulbs, and the trace of moisture which is 
invariably carried forward from the latter. Special care should 
be taken to select both sets of bulbs with the view to bave the 
openings in the one as nearly as may be of the same size as 
those of the other, so that the bubbles of oxygen, considered as 
representing volumes, entering the sulphuric acid bulbs, may be 
readily compared with the bubbles or volumes of carbonic acid 
entering the potash bulbs; these bubbles may then serve as a 
valuable index by which to regulate the supply of oxygen. 
Especially is this true in cases where the composition of the body 
to be analyzed is pretty nearly known, as then the number of 
bubbles of oxygen required for every bubble of carbonic acid 
produced may be readily calculated. 

But as it is, in any case, advisable to conduct the experiment 
so that there shall always be an excess of oxygen passing unab- 
sorbed through the potash bulbs, and as this excess would sel- 
dom be large even if a sufficiency of oxygen were admitted to 
burn the most richly hydrogenized body known, it may gene- 
rally be well to admit enough for such a case. 

The volume of oxygen actually consumed in burning the 
lightest liquid known—probably of the formula C, H, ,—which 
I have separated from petroleum, and which contains a larger 
percentage of hydrogen than any other non-gaseous body, as 
compared with the volume of carbonic acid formed, is as 162: 1; 
the fraction representing the oxygen which is taken up by the 
hydrogen of the body, and which of course becomes condensed 
and disappears from the volume of carbonic acid. In burning 
this body with just the equivalent quantity of oxygen,—as- 
suming that the combustion would be complete under such cir- 
cumstances,—we should have one bubble or volume of carbonic 
acid entering the potash bulbs, for every 1°62 bubbles or vol- 
umes of oxygen entering the sulphuric acid bulbs. A sufficient 
excess of oxygen would be secured in this case, and a simple 
ratio obtained, if 2 bubbles of oxygen were to be admitted for 
1 bubble of carbonic acid appearing in the potash bulbs. The 
case would then be further simplified by having the openings in 
the sulphuric acid bulbs of such size as would give bubbles 
twice as large as those from the potash bulbs; as then, when 
the bubbling should be equally rapid in both, the relation be- 
tween the volumes of the gases would still be maintained, viz: 
2 vols. of oxygen to 1 vol. of carbonic acid. Such bulbs would 
be highly desirable, but would probably have to be made ex- 
pressly for the purpose. 

4. As an additional control over the supply of oxygen, and 


* Licbig and Kopp’s Jahresbericht, 1858, p. 588. 
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serving also as a temporary safeguard against the escape of in- 
completely oxydized substance, in case of too rapid distillation, 
with an insufficient flow of oxygen, I have two or three inches 
in length of the tube filled with coarse, strongly ignited = 
of copper, placed in front of the asbestus, and this followed by 
a plug of the latter substance to keep it in place, and prevent 
the formation of a channel along the upper surface of the oxyd 
of copper. The tube itself being laid in an iron trough, as 
above described, with the upper half of the tube exposed, the 
oxyd of copper is heated in such a manner that any reduction 
would be readily observed at the end in contact with the as- 
bestus. In this manner it serves as a valuable indicator, by 
which to determine, at a glance, whether the flow of oxygen 1s 
sufficient. It will rarely happen that any reduction of the oxyd 
of copper will take place. I have, however, in some of my 
earlier experiments, with too short a column of asbestus, and 
illeadapted bulbs, had so much of the oxyd of copper reduced 
that combustible gases passed through the absorbing apparatus ; 
and in one instance, when the unabsorbed gases were collected, 
the quantity of combustible gas was so considerable as to form, 
with the oxygen collected with it,—which of course came for- 
ward at an earlier or later stage of the process,—an explosive 
mixture. Having seen no indication that any other than gas- 
eous bodies escaped the combustion tube in such a case, it oc- 
curred to me that such an analysis might be saved by collecting 
the gas over mercury, and, at the close of the combustion, be- 
fore detaching the absorbing apparatus, conducting it a second 
time through the combustion tube.* As a matter of economy, 
also, in the saving of the excess of oxygen, when a considerable 
number of analyses are to be made, this idea seemed to recom- 
mend itself; as the oxygen would, at the same time, become 
purified from any traces of combustible matter which might be 
present, and could then safely be collected as pure oxygen, and 
finally transferred to the oxygen gasometer. 

I therefore constructed for this purpose the apparatus which 
is represented in the background of the preceding figure as 
attached to the anterior end of the absorption apparatus. At 
the close of the combustion, when only pure oxygen appears to 
enter the potash bulbs, the flow of oxygen is interrupted; the 
communication with that portion of the drying apparatus which 
is back of the short U tube, A, is closed at b; and the tube B— 


* As the time consumed in an experiment is so short, and the quantity of com- 
bustible gas present, if any, so very small, and that mixed with a very large quan- 
tity of oxygen, it is not improbable that the gas might as well be collected over 
water; as the quantity which could be absorbed by the water in so short a space of 
time would be inappreciable. 


Am. Jour. Sc1.—Seconpb Series, VoL. XXXVIII, No. 114.—Nov., 1864, 
50 


394 °C. M. Warren on Organic Elementary Analysis. 

which is movable in the cork—turned up.’ The joint at c is 
then disconnected; the end leading to the receiver C tightly 
closed with a piece of glass rod; and a communication estab- 
lished between the absorption apparatus and another receiver 
containing water,—not shown in the figure,—for collecting the 
om oxygen. On opening the spring-clip d (the more modern 
orm, which is provided with a fine screw, is excellently well 
adapted for this purpose), the mercury will flow from the reser- 
voir D into the receiver C, and force the gas through the capil- 
lary tube ee; thence through the short U tube A, containing 
chlorid of calcium, to the combustion tube and absorption appa- 
ratus; and the gas is finally collected over water in the receiver 
provided for that purpose. 

The introduction of a longer column of oxyd of copper would 
probably accomplish the same purpose with less expense; but 
neither expedient can be regarded as essential to the process. 
As the saving of an analysis by the use of a longer column of 
oxyd of copper would only be occasional, the additional heat 
required, and consequent discomfort occasioned by its continued 
use, would hardly be compensated for. So that, while I would 
not, therefore, recommend the use of an additional quantity of 
oxyd of copper, I would also discard the other expedient of col- 
lecting the gas over mercury, or water, etc., unless the saving of 
the surplus oxygen, together with the additional security af- 
forded, should be considered of sufficient importance to recom- 
mend it. As the passing through of the gas the second time 
requires no attention after it is once started, and occupies but a 
short time, during which the operator may attend to anything 
else, I much prefer, for myself, to retain in use that part of the 
process. 

5. Some other less important peculiarities in the construction 
and use of the apparatus will now be noticed, in connection with 
some remarks on the performance of the analysis. 

The posterior end of the combustion tube, as seen in the 
figure, is bent obliquely upward, as in the common form, except 
that, instead of being drawn out to a point, it is left of the full 
size of the tube. The object of this form is to prevent, in a 
great measure, the escape of oxygen during the time occupied 
in introducing the substance for analysis; and also for greater 
convenience and security from loss in the performance of this 
operation; especially in the case of volatile liquids. In the 
latter case, the neck of the bulb—which has previously been 
provided with one or more scratches on its side near the end— 

* That this tube may not operate as a siphon, the outer limb is formed by at- 
taching, near the bend, a flexible tube, of larger bore than that of the glass tube. 
This flexible tube is preferable to glass, on account of the readiness with which it 


adapts itself to any change of position of the glass tube, by which it may always 
project into the receiver underneath, and prevent waste of mercury. 
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is introduced into the end of the combustion tube, and broken 
off by pressure against the side of the tube; the bulb itself is 
then allowed to drop in, and the end of the tube immediately 
closed with a perforated cork containing a glass tube, /, connect- 
ing it with the drying apparatus. This connecting tube is con- 
structed of hard Bohemian glass; the anterior end of which is 
drawn out to a short, blunt point, and the opening nearly closed 
in the blowpipe flame, to the size of a small needle; the object 
of which is, to increase the rapidity of the flow of oxygen at 
that point, and thereby diminish the liability to loss from diffu- 
sion of gases or vapor backward into the drying apparatus, 
which is always too liable to occur when the posterior end of 
the combustion tube is not sealed. 

As an additional precaution against loss from this source, this 
connecting tube is packed with asbestus in the same manner as 
the combustion tube, and during the combustion is heated with 
one of Bunsen’s burners. In case vapor of the substance should 
reach this tube, notwithstanding the above precaution against it, 
it could not reach the drying apparatus as such; but would be 
immediately decomposed, and the carbonic acid formed would 
at least stand a good chance of being carried forward, and pre- 
vent a loss in the determination of the carbon. The heating of 
this connecting tube may be superfluous for the object above de- 
scribed (a point which S heen not yet taken the time to deter- 
mine); but it certainly has the good effect of heating the oxygen, 
and thus preventing the condensation of liquid at the cork in 
the end of the combustion tube. 

In the performance of an analysis, the first step should be to 
expel the moisture from the combustion tube, while hot, by 
passing through it, for some time, a stream of dry air from the 
gasometer.” The tube should then be filled with oxygen, before 
the substance, if volatile, is added; as otherwise particles of un- 
burnt substance might escape during the displacement of the air, 
and occasion loss. The absorbing apparatus, having been pre- 
viously weighed, is then attached, and, if the excess of oxygen 
employed is to be saved, the oxygen again admitted to expel 


* The necessity for this may be entirely obviated, after the first analysis, and 
much time saved and uncertainty avoided, by connecting the anterior end of the 
combustion tube, at the close of a day’s operations, with a set of stationary drying 
tubes of ample capacity, which may stand back of the furnace out of the way, com- 
munication with which is established by means of a flexible tube. Or, better, a 
movable tube may be attached by means of a screw to the opening in the top of the 
gasometer, extending to the top of the upper reservoir, so that water cannot enter, 
and then, by simply turning the cock underneath, communication world be opened 
between the surrounding air and the combustion tube, through the intervening dry- 
ing apparatus. At the close of work, the anterior end of the combustion tube 
should then be tightly corked, the fire extinguished, and the tube allowed to cool in 
dry air. It would thus be always ready for immediate use. 
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the air from the absorbing apparatus. The connection is then 
made with the receiver C, if used, and the tightness of the joints 
tested by turning down the tube B, so as to partially exhaust the 
apparatus. If found tight, as indicated by the liquid in the 
potash bulbs, the tube B is again turned up, and the substance 
then introduced in the manner above described. A very slow 
stream of oxygen is now admitted; the tube B again turned 
down till the level of mercury in this tube shall be half an inch 
to an inch below the level of mercury in the receiver C; and 
from time to time during the combustion the position of this tube 
is adjusted so as to preserve about this difference between the 
levels.of the mercury, or at least so as to prevent the mercury 
in the tube from ever rising above that in the receiver. 

In this manner the mereury, instead of offering resistance to 
the passage of gas from the combustion apparatus, and thus in- 
creasing the internal pressure upon the joints, which would be 
objectionable, actually operates advantageously by producing 
partial exhaustion, and thus diminishing the internal pressure 
upon the joints, and consequently the liability to leakage. The 
distillation of the substance is now commenced, and conducted 
as previously detailed above. So soon as condensation of mois- 
ture appears in the neck of the chlorid of calcium tube, indi- 
eating that combustion has commenced, the flow of oxygen may 
be gradually accelerated to keep pace with the progress of the 
combustion, as indicated by the bubbles in the potash bulbs. 
When the burning of the substance seems to have been com- 
pleted, heat is gradually applied, for a short time, along the 
whole length of the column of asbestus, to obviate the possi- 
bility of any loss from unburnt substance. 

The absorbing apparatus may be weighed filled with either 
oxygen or air; for myself, I prefer the latter, as, on the whole, 
more convenient and less liable to lead to error, At the close 
of the analysis, therefore, I expel the oxygen from the apparatus 
by admitting air from the air-gasometer,* saving for further use 
the oxygen which is expelled during the first five or six min- 
ates. Thus far I have applied this process only in the analysis 


© The oxygen-gasometer and the air-gasometer each having a separate drying 
apparatus, the time consumed in changing from one to the other is very much 
shortened, as the necessity for displacement of the exygen or air—as the case may 
be—which is contained in the drying apparatus is avoided. Each drying apparatus 
consists, lst, of Liebig’s bulbs, containing sulphuric acid; 2d, of a U tube, 15 inches 
high (nearly 8 feet of tube), filled with soda-lime for carbonic acid; and 3d, of two 
such U tubes (5 to 6 feet of tube), filled with chlorid of calcium. The object in 
using drying tubes of such large dimensions is to avoid the necessity of too fre- 
quent renewal. The gasometers stand in a pan of copper, which is provided with 
an outlet to the sink, so that they may be filled without disconnecting from the dry- 
ing apparatus; thus giving a degree of permanence to the apparatus and saving 
some labor. 
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of volatile hydrocarbons of the formula C, H,.,; C, H,4,., ete.” 
As a mixture of the vapors of these bodies with oxygen is 
highly explosive, a more severe test of the safety of the process 
could not be applied. 

In every experiment which I have made, the combustion has 
proceeded as quietly as if burning in the open air. The results 
obtained are extremely accurate and uniform. 

Although the bodies which I have analyzed represent but a 
single class of organic substances, I can see no reason to doubt 
that the process will apply equally well in the generality of cases, 

If this view be corroborated by actual experiment, the pro- 
cess can hardly fail to supplant the common methods, if for no 
other reasons than its greater convenience, economy of time, 
avoidanee of excessive heat, neatness, etc. ; while, as regards accus 
racy of results, it will at least not be found inferior to the other 
methods; but, on the contrary, I think, preferable, as affording 
greater security against failures and errors from accidental causes. 

Having obtained such satisfactory results in the cases referred 
to, and being prevented by other important work, to which the 
study of this process is only incidental, from pursuing the sub- 
ject further at present (except so far as I shall have occasion to 
use the process in my other investigations), I have thought it 
advisable to present the process to the Academy as it now 
stands. I hope, however, to be able to resume the work before 
long, with the view to determine, by experiment, the extent of 
its applicability as a general method, and will report the results 
to the Academy. 


Art. XLL—On Celestial Dynamics ; by J, R. MAYER.* 


[Concluded from p. 243.] 


VIII. The Tidal Wave. 


In almost every case the forces and motions on the surface of 
the earth may be traced back to the rays of the sun, Some pro- 
cesses, however, form a remarkable exception, 

One of these is the tides. Beautiful, and in some respects 
exhaustive researches on this phenomenon, have been made by 
Newton, Laplace, and others. The tides are caused by the at- 
traction exercised by the sun and the moon on the movable 

® In an analysis of amyl-alcohol, made in my laboratory by my friend Mr. Storer, 


for the sake of familiarizing himself with the process,—it being his first analysis by 
this apparatus,—the following result was obtained. 


Experiment. Theory. 
Hydrogen, . . . . . 13°63 13°64 


* From L. E. & D. Phil. Mag., [4], vol. xxxv. 
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= of the earth’s surface, and by the axial rotation of our 
obe. 

7 The alternate rising and falling of the level of the sea may be 
compared to the ascent and descent of a pendulum oscillating 
under the influence of the earth’s attraction. 

The continual resistance, however weak it may be, which an 
instrument of this nature (a physical pendulum) suffers, con- 
stantly shortens the amplitude of the oscillations which it per- 
forms; and if the pendulum be required to continue in uniform 
motion, it must receive a constant supply of vis viva correspond- 
ing to the resistance it has to overcome. 

Clocks regulated by a pendulum obtain such a supply, either 
from a raised weight or a bent spring. ‘The power consumed in 
raising the weight or in bending the spring, which power is rep- 
resented by the raised weight or the bent spring, overcomes for 
a time the resistance, and thus secures the uniform motion of 
the pendulum and clock. In doing so, the weight sinks down 
or the spring uncoils, and therefore force must be expended in 
winding the clock up again, or it would stop moving. 

Essentially the same holds good for the tidal wave. The 
moving waters rub against each other, against the shore, and 
against the atmosphere, and thus, meeting constantly with resist- 
ance, would soon come to rest if a vis viva did not exist compe- 
tent to overcome these obstacles. This vis viva is the rotation 
of the earth on its axis, and the diminution and final exhaustion 
thereof will be a consequence of such an action. 

The tidal wave causes a diminution of the velocity of the rotation 
of the earth. 

This important conclusion can be proved in different ways. 

The attraction of the sun and the moon disturbs the equili- 
brium of the movable parts of the earth’s surface, so as to move 
the waters of the sea toward the point or meridian above and 
below which the moon culminates. If the waters could move 
without resistance, the elevated parts of the tidal wave would 
exactly coincide with the moon’s meridian, and under such con- 
ditions no consumption of vis viva could take place. In reality, 
however, the moving waters experience resistance, in conse- 
quence of which the flow of the tidal wave is delayed, and high 
water occurs in the open sea on the average about 24 hours after 
the transit of the moon through the meridian of the place. 

The waters of the ocean move from west and east toward the 
meridian of the moon, and the more elevated wave is, for the 
reason above stated, always to the east of the moon’s meridian ; 
hence the sea must press and flow more powerfully from east to 
west than from west to east. The ebb and flow of the tidal 
wave therefore consists not only in an alternate rising and falling 
of the waters, but also in a slow progressive motion from east 
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to west. The tidal wave produces a general westerly current in 
the ocean. 

This current is opposite in direction to the earth’s rotation, 
and therefore its friction against and collision with the bed and 
shores of the ocean must offer every where resistance to the axial 
rotation of the earth, and diminish the vis viva of its motion. 
The earth here plays the part of a fly-wheel. The movable 
parts of its surface adhere, so to speak, to the relatively fixed 
moon, and are dragged in a direction opposite to that of the 
earth’s rotation, in consequence of which, action takes place be- 
tween the solid and liquid parts of this fly-wheel, resistance is 
overcome, and the given rotatory effect diminished. 

Water-mills have been turned by the action of the tides; the 
effects produced by such an arrangement are distinguished in a 
remarkable manner from those of a mill turned by a mountain- 
stream. The one obtains the vis viva with which it works from 
the earth’s rotation, the other from the sun’s radiation. 

Various causes combine to incessantly maintain, partly in an 
undulatory, partly in a progressive motion, the waters of the 
ocean. Besides the influence of the sun and the moon on the ro- 
tating earth, mention must be made of the influence of the move- 
ment of the lower strata of the atmosphere on the surface of the 
ocean, and of the different temperatures of the sea in various 
climates; the configuration of the shores and the bed of the 
ocean likewise exercise a manifold influence on the velocity, di- 
rection, and extent of the oceanic currents. 

The motions in our atmosphere, as well as those of the ocean, 
presuppose the existence and consumption of vis viva to over- 
come the continual resistances, and to prevent a state of rest or 
equilibrium. Generally speaking, the power necessary for the 
production of aérial currents may be of threefold origin. Either 
the radiation of the sun, the heat derived from a store in the in- 
terior of the earth, or, lastly, the rotatory effect of the earth may 
be the source. 

As far as quantity is concerned, the sun is by far the most 
important of the above. According to Pouillet’s measurements, 
a square metre of the earth’s surface receives on the average 
4408 units of heat from the sun per minute. Since one unit of 
heat is equivalent to 8367 Km, it follows that one square metre 
of the surface of our globe receives per minute an addition of 
vis viva equal to 1620 Km, or the whole of the earth’s surface 
in the same time 825,000 billions of Km. A power of 75 Km 
per second is called a horse-power. According to this, the effect 
of the solar radiation in mechanical work on one a metre 
of the earth’s surface would be equal to 0°36, and the total ef- 
fect for the whole globe 180 billions of horse-powers. A not 
inconsiderable portion of this enormous quantity of vis viva is 
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consumed in the production of atmospheric actions, in conse- 
quence of which numerous motions are set up in the earth’s at- 
mosphere. 

In spite of their great variety, the atmospheric currents may 
be reduced to a single type. In consequence of the unequal 
heating of the earth in different degrees of latitude, the colder 
and heavier air of the polar regions passes in an under current 
toward the equator; whereas the heated air of the tropics as- 
cende to the higher parts of the atmosphere, and flows from 
thence toward the poles. In this manner the air of each hemi- 
sphere — a circuitous motion. 

It is known that these currents are essentially modified by the 
motion of the earth on its axis. The polar currents, with their 
smaller rotatory velocity, receive a motion from east to west con- 
trary to the earth’s rotation, and the equatorial currents one 
from west to east in advance of the axial rotation of the earth. 
The former of these currents, the easterly winds, must diminish 
the rotatory effect of the globe, the latter, the westerly winds, 
must increase the same power. The final result of the action of 
these opposed influences is, as regards the rotation of the earth, 
according to well-known mechanical principles, = 0; for these 
currents counteract each other, and therefore cannot exert the 
least influence on the axial rotation of the earth. This import- 
ant conclusion was proved by Laplace. 

The same law holds good for every imaginable action which 
is caused either by the radiant heat of the sun, or by the heat 
which reaches the surface from the earth’s interior, whether the 
action be in the air, in the water, or on the land. The effect of 
every single motion produced by these means on the rotation of 
the giobe, is exactly compensated by the effect of another mo- 
tion in an opposite direction; so that the resultant of all these 
motions is, as far as the axial rotation of the globe is concerned, 
= 0. 

In those actions known as the tides, such compensation, how- 
ever, does not take place; for the pressure or pull by which they 
are produced is always stronger from east to west than from west 
to east. The currents caused by this pull may ebb and flow in 
different directions, but their motion predominates in that which 
is opposed to the earth’s rotation. 

The velocity of the currents caused by the tide of the atmos- 
phere amounts, according to Laplace’s calculation, to not more 
than 75 millimetres in a second, or nearly a geographical mile 
in twenty-four hours; it is clear that much more powerful effects 
produced by the sun’s heat would hide this action from observa- 
tion. The influence of these air-currents, however, on the rota- 
tory effect of the earth, is, according to the laws of mechanics, 
exactly the same as it would be were the atmosphere undisturbed 
by the sun’s radiant heat. 
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The combined motions of air and water are to be regarded 
from the same point of view. If we imagine the influence of 
the sun and that of the interior of our globe not to exist, the 
motion of the air and ocean from east to west is still left as an 
obstacle to the axial rotation of the earth. 

The motion of the waters of the ocean from east to west was 
long ago verified by observation, and it is certain that the tides 
are the most effectual of the causes to which this great westerly 
current is to be referred. 

Besides the tidal wave, the lower air-currents moving in’ the 
same direction, the trade-winds of the tropics especially, may be 
assigned as causes of this general movement of the waters. The 
westerly direction of the latter, however, is not confined to the 
region of easterly winds; it is met with in the region of per- 
petual calms, where it possesses a velocity of several miles a 
day; itis observed far away from the tropics both north and 
south, in regions where westerly winds prevail, near the Cape of 
Good Hope, the Straits of Magellan, the Arctic regions, &c. 

A third cause for the production of a general motion of trans- 
lation of the waters of the ocean is the unequal heating of the 
sea in different zones. According to the laws of hydrostatics, 
the colder water of the higher degrees of latitude is compelled 
to flow toward the equator, and the warmer water of the tropics 
toward the poles, in consequence of which, similar movements 
are produced in the ocean to those in the atmosphere. This is 
the cause of the cold under current from the poles to the equa- 
tor, and of the warm surface-current from the equator to the 
poles. The waters of the latter, by virtue of the greater ve- 
locity of rotation at the equator, assume in their onward pro- 
gress a direction from west to east. It is a striking proof of the 
preponderating influence of the tidal wave that, in spite of this, 
the motion of the ocean is on the whole in an opposite direction. 

Theory and experience thus agree in the result that the influ- 
ence of the moon on the rotating earth causes a motion of trans- 
lation from east to west in both atmosphere and ocean. This 
motion must continually diminish the rotatory effect of the 
earth, for want of an opposite and compensating influence. 

The continual pressure of the tidal wave against the axial ro- 
tation of the earth may also be deduced from statical laws. 

The gravitation of the moon affects without exception all 
parts of the globe. Let the earth be divided by the plane of 
the meridian in which the moon happens to be, into two hemi- 
spheres, one to the east, the other to the west of this meridian. 
It is clear that the moon, by its attraction of the eastern hemi- 
sphere, tends to retard the motion of the earth, and by its at- 
traction of the western hemisphere, to accelerate the same rotation. 

Under certain conditions, these tendencies compensate each 
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other, and then the action of the moon on the earth’s rotation be- 
comes zero. This happens when both hemispheres are arranged 
in a certain manner symmetrically, or when no parts of the 
earth can change their relative position; in the latter case a sort 
of symmetry is produced by the rotation. 

The form of the earth deviates from a perfectly symmetrical 
sphere on account of the three following causes:—(1) the flat- 
tening of the poles, (2) the mountains on the surface, and (8) 
the tidal wave. The first two causes do not change the velocity 
of the earth’s axial rotation. In order to comprehend clearly 
the effect of the tidal wave, we shall imagine the earth to bea 
perfectly symmetrical sphere uniformly surrounded by water. 
The attraction of the sun and the moon disturbs the equilibrium 
of this mass, and two flat mountains of water are formed. The 
top of one of these is directed toward the moon, and the summit 
of the other is turned away from it. A straight line passing 
through the tops of these two mountains is called the major axis 
of this earth-spheroid. 

In this state the earth may be imagined to be divided into 
three parts—a smaller sphere, and two spherical segments at- 
tached to the opposite sides of the latter, and representing the 
elevations of the tidal wave. The attraction of the moon on 
the small central sphere does not change the rotation, and we 
have therefore only to consider the influence of this attraction 
on the two tidal elevations. The upper elevation, or mountain, 
the one nearest the moon, is attracted toward the west because 
its mass is principally situated to the east of the moon, and the 
Opposite mountain, which is to the west of the moon, is at- 
tracted toward the east. The upper tidal elevation is not only 
more powerfully attracted because it is nearer to the moon, but 
also because the angle under which it is pulled aside is more 
favorable for lateral deflection than in the case of the opposite 
protuberance. ‘The pressure from east to west of the upper ele- 
vation preponderates therefore over the pressure from west to 
east of the opposite mountain; according to calculation, these 
quantities stand to each other nearly as 14 to 18. From the re- 
lative position of these two tidal protuberances and the moon, or 
the unchangeable position of the major axis of the earth-spheroid 
toward the centre of gravity of the moon, a pressure results, 
which preponderates from east to west, and offers an obstacle to 
the earth’s rotation. 

If gravitation were to be compared with magnetic attraction, 
the earth might be considered to be a large magnet, one pole of 
which, being more powerfully attracted, would represent the 
upper, and the other pole the lower tidal elevation. As the 
upper tidal wave tends to move toward the moon, the earth 
would act like a galvanometer, whose needle has been deflected 
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from the magnetic meridian, and which, while tending to return 
thereto, exerts a constant lateral pressure. 

The foregoing discussion may suffice to demonstrate the in- 
fluence of the moon on the earth’s rotation. The retarding 
pressure of the tidal wave may quantitatively be determined in 
the same manner as that employed in computing the precession 
of the equinoxes and the nutation of the earth’s axis. The va- 
ried distribution of land and water, the unequal and unknown 
depth of the ocean, and the as yet imperfectly ascertained mean 
difference between the time of the moon’s culmination and that 
of high water in the open sea, enter, however, as elements into 
such a calculation, and render the desired result an uncertain 
quantity. 

In the mean time, this retarding pressure, if imagined to act 
at the equator, cannot be assumed to be less than 1000 millions 
of kilogrammes. In order to start with a definite conception, 
we may be allowed to use this round number as a basis for the 
following calculations. 

The rotatory velocity of the earth at the equator is 464 metres, 
and the consumption of mechanical work, therefore, for the 
maintenance of the tides, 464,000 millions of Km, or 6000 mil- 
lions of horse-powers per second. The effect of the tides may 
consequently be estimated at ;4,th of the effect received by the 
earth from the sun. 

The rotatory effect which the earth at present possesses, may 
be calculated from its mass, volume, and velocity of rotation. 
The volume of the earth is 2,650,686,000 cubic miles, and its 
specific gravity, according to Reich, = 5°44. If, for the sake of 
simplicity, we assume the density of the earth to be uniform 
throughout its mass, we obtain from the above premises, and the 
known velocity of rotation, 25,840 quadrillions of kilogram- 
meires as the rotatory effect of the earth, If, during every 
second in 2500 years, 464,000 millions of Km of this effect were 
consumed by the ebb and flow of the tidal wave, it would suffer 
a diminution of 86,600 trillions of Km, or about jj mth of its 
quantity. 

The velocities of rotation of a sphere stand to each other in 
the same ratio as the square roots of the rotatory effects, when 
the volume-of the sphere remains constant. From this it fol- 
lows that, in the assumed time of 2500 years, the length of a 
day has increased ;,*,th; or if a day be taken equal to 86,400 
seconds, it has lengthened ;';th of a second, if the volume of 
the earth has not changed. Whether this supposition be correct 
or not, depends on the temperature of our planet, and will be 
discussed in the next chapter. 

The tides also react on the motion of the moon. The stronger 
attraction of the elevation nearest to, and to the east of the 
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moon, increases with the tangential velocity of our satellite; the 
mean distance of the earth and the moon, and the time of revo- 
lution of the latter, are consequently augmented. The effect of 
this action, however, is insignificant, and, according to calcula- 
tion, does not amount to more than a fraction of a second in the 
course of centuries, 


IX. The Heat of the Interior of the Earth. 


Without doubt there was once a time when our globe had not 
assumed its present magnitude. According to this, by aid of 
this simple assumption, the origin of our planet may be reduced 
to the union of once separated masses. 

To the mechanical combinations of masses of the second order, 
with masses of the second and third order, &c., the same laws as 
those enunciated for the sun apply. The collision of such 
masses must always generate an amount of heat proportional to 
the squares of their velocities, or to their mechanical effect. 

Although we are not in a position to affirm anything certain 
respecting the primordial conditions under which the constituent 
parts of the earth existed, it is nevertheless of the greatest in- 
terest to estimate the quantities of heat generated by the col- 
lision and combination of these parts by a standard based on the 
simplest assumptions. 

Accordingly we shall for the present consider the earth to 
have been formed by the union of two parts, which obtained 
their relative motions by their mutual attraction only. Let the 
whole mass of the present earth, expressed in kilogrammes, be 
T, and the masses of the two portions T—awanda. The ratio 
of these two quantities may be imagined to assume various 
values. The two extreme cases are, when x is considered in- 
finitely small in comparison with T, and when c=T—a2=4T. 
These form the limits of all imaginable ratios of the parts T—a 
and 2, and will now be more closely examined. 

Terrestrial heights are of course excluded from the following 
eonsideration. In the first place let x, in comparison with T—a, 
be infinitely small. The final velocity with which & arrives on 
the surface of the large mass, after having passed through a 
great space in a straight line, or after previous central inotion 
round it, is, according to the laws developed ia relation to the 
sun in Chapter IV, confined within the limits of 7908 and 11,188 
metres. ‘I'he heat generated by this process may amount to 
from 8685 x x to 17,370 X x units, according to the value of the 
major axis of the orbit of 2. ‘This heat, however, vanishes by 
its distribution through the greater mass, because « is, according 
to supposition, infinitely small in comparison with T. 

The quantity of heat generated increases with z, and amounts 
in the second case, when z=$T,, to from 6000 x T to 8685 x T 
units, 
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If we assume the earth to possess a very great capacity for 
heat, equal in fact to that of its volume of water, which when 
calculated for equal weights = 0°184, the above discussion leads 
to the conclusion that the difference of temperature of the con- 
stituent parts, and of the earth after their union, or, in other 
words, the heat generated by the collision of these parts, may 
range, according to their relative magnitude, from 0° to 32,000°, 
or even to 47,000°! 

With the number of parts which thus mechanically combine, 
the quantity of heat developed increases. Far greater still would 
have been the generation of heat if the constituent parts had 
moved in separate orbits round the sun before their union, and 
had accidentally approached and met each other. For various 
reasons, however, this latter supposition is not very probable. 

Several facts indicate that our earth was once a fiery liquid 
mass, which has since cooled gradually, down to a comparatively 
inconsiderable depth from the surface, to its present tempera- 
ture. ‘The first proof of this is the form of the earth. “The 
form of the earth is its history.” According to the most careful 
measurements, the flattening at the poles is exactly such as a 
liquid mass rotating on its axis with the velocity of the earth 
would possess; from this we may conclude that the earth, at the 
time it received its rotatory motion, was in a liquid state; and, 
after much controversy, it may be considered as settled that this 
liquid condition was not that of an aqueous solution, but of a 
mass melted by a high temperature. 

The temperature of the crust of the globe likewise furnishes 
proof of the existence of a store of heat in its interior, Many 
exact experiments and measurements show that the temperature 
of the earth increases with the depth to which we penetrate. In 
boring the artesian well at Grenelle, which is 546 metres deep, 
it was observed that the temperature augmented at the rate of 
1° for every 80 metres. The same result was obtained by ob- 
servations in the artesian well at Mondorf in Luxembourg; this 
well is 671 metres in depth, and its water 84° warm. 

Thermal springs furnish a striking proof of the high temper- 
ature existing in the interior of the earth. Scientific men are 
agreed that the aqueous deposits from the atmosphere, rain, 
hail, dew, and snow, are the sole causes of the formation of 
spnings. The water, obeying the laws of gravity, percolates 
through the earth wherever it can, and reappears at the surface 
in places of a lower situation. When water sinks to consider- 
able depths through vertical crevices in the rocks, it acquires the 
temperature of the surrounding strata, and returns as a thermal 
spring to the surface. 

Such waters are frequently distinguished from the water of 
ordinary springs merely by their possessing a higher tempera- 
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ture. If, however, the water in its course meets with mineral 
or organic substances which it can dissolve and retain, it then 
reappears as a mineral spring. Examples of such are met with 
at Aachen, Carlsbad, Xe. 

In a far more decided manner than by the high temperature 
of the water of certain springs, the interior heat of our globe is 
made manifest by those fiery fluid masses which sometimes rise 
from considerable depths. The temperature of the earth’s crust 
increases at the rate of 1° for every 30 metres we descend from 
the surface toward the centre. Although it is incredible that 
this augmentation can continue at the same rate till the centre 
be reached, we may nevertheless assume with certainty that it 
does continue to a considerable depth. Calculation based on 
this assumption shows that at a depth of a few miles a tempera- 
ture must exist sufficiently powerful to fuse most substances. 
Such molten masses penetrate the cold crust of the globe in 
many places, and make their appearance as lava. 

A distinguished scientific man has lately expressed himself on 
the origin of the interior heat of the earth as follows:—‘ No 
one of course can explain the final causes of things. This much, 
however, is clear to every thinking man, that there is just as 
much reason that a body, like the earth for example, should be 
warm, warmer than ice or human blood, as there is that it should 
be cold or colder than the latter. A particular cause for this 
absolute heat is as little necessary as a cause for motion or rest. 
Change—that is to say, transition from one state of things to 
another—alone requires and admits of explanation.” 

It is evident that this reflection is not fitted to suppress the 
desire for an explanation of the phenomenon in question. As 
all matter has the tendency to assume the same temperature as 
that possessed by the substances by which it happens to be sur- 
rounded, and to remain in a quiescent state as soon as equi- 
librium has been established, we must conclude that, whenever 
we meet with a body warmer than its neighbors, such body 
must have received at a (relatively speaking) not far distant 
time, a certain degree of heat,—a process which certainly allows 
of, and requires explanation. 

Newton's theory of gravitation, whilst it enables us to deter- 
mine, from its present form, the earth’s state of aggregation in 
ages past, at the same time points out to us a source of heat 
powerful enough to produce such a state of aggregation, power- 
ful enough to melt worlds; it teaches us to consider the molten 
state of a planet as the result of the mechanical union of cosmical 
masses, and thus to derive the radiation of the sun and the heat 
in the bowels of the earth from a common origin. 

The rotatory effect of the earth also may be readily explained 
by the collision of its constituent parts; and we must accord- 
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ingly subtract the vis viva of the axial rotation from the whole 
effect of the collision and mechanical combination, in order to 
obtain the quantity of heat generated. The rotatory effect, how- 
ever, is only a small quantity in comparison with the interior heat 
of the earth. It amounts to about 4400xT kilogrammetres, (T 
being the weight of the earth in kilograms) which is equivalent 
to 12 x T units of heat, if we assume the density of the earth 
to be uniform throughout. 

If we imagine the moon in the course of time, either in con- 
sequence of the action of a resisting medium, or from some other 
cause, to unite herself with our earth, two principal effects are 
to be discerned. A result of the collision would be, that the 
whole mass of the moon and the cold crust of the earth would 
be raised some thousands of degrees in temperature, and conse- 
quently the surface of the earth would be converted into a fiery 
ocean. At the same time, the velocity of the earth’s axial rota- 
tion would be somewhat accelerated, and the position of its axis 
with regard to the heavens, and to its own surface, slightly al- 
tered. IPf the earth had been a cold body without axial rota- 
tion, the process of its combining with the moon would have im- 
parted to it both heat and rotation. 

It is probable that such processes of combination between dif- 
ferent parts of our globe may have repeatedly happened before 
the earth attained its present magnitude, and that luxuriant 
vegetation may have at different times been buried under the 
fiery debris resulting from the conflict of these masses. 


As long as the surface of our globe was in an incandescent 
state, it must have lost heat at a very rapid rate; gradually this 
process became slower; and although it has not yet entirely 
ceased, the rate of cooling must have diminished to a compara- 
tively small magnitude. 

Two phenomena are caused by the cooling of the earth, which, 
on account of their common origin, are intimately related. The 
decrease of temperature, and consequent contraction of the 
earth’s crust, must have caused frequent disturbances and revo- 
lutions on its surface, accompanied by the ejection of molten 
masses and the formation of protuberances; on the other hand, 
according to the laws of mechanics, the velocity of rotation must 
have increased with the diminution of the volume of the sphere, 
or, in other words, the cooling of the earth must have shortened 
the length of the day. 

As the intensity of such disturbances and the velocity of ro- 
tation are closely connected, it is clear that the youth of our 
planet must have been distinguished by continual violent trans- 
formations of its crust, and a perceptible acceleration of the ve- 
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locity of its axial rotation; while in the present,time the meta- 
morphoses of its surface are much slower r, and the acceleration 
of its axial revolution diminished to a very small amount. 

If we imagine the times when the Alps, the chain of the 
Andes, and the Peaix of Teneriffe were upheaved from the deep, 
and compare with such changes the earthquakes and volcanic 
eruptions of historic times, we perceive in these modern trans- 
formations but weak images of thc analogous processes of by- 
gone ages. 

While we are surrounded on every side by the monuments 
of violent volcanic convulsions, we possess no record of the ve- 
locity of the axial rotation of our planet in antediluvian times. 
It is of the greatest importance that we should have an exact 
knowledge of a change in this velocity, or in the length of the 
day during historic times, The inv estigation of this subject by 
the great Lapl: vce forms a bright monument in the department 
of exact science. 

These calculations are essentially conducted in the following 
manner :—In the first place, the time between two eclipses of 
the sun, widely apart from each other; is as aceurately as possible 
expressed in days, and from this the ratio of the time of the 
earth’s rotation to the mean time of the moon’s revolution deter- 
mined. If, now, the observations of ancient astronomers be com- 
pared with those of our present time, the least alteration in the 
absolute length of a day may be detected by a change in this 
ratio, or ina disturbance in the lunar revolution. The most 
perfect agreement of ancient records on the movements of the 
moon and the planets, on the eclipses of the sun, &c., revealed 
to Laplace the remarkable fact that in the course of twe nty-five 
centuries, the time in which our earth revolves on its axis has 
not altered ;};th part of a sexagesimal second; and the length 
of a day therefore may be considered to have been constant 
during historic times. 

This result, as important as it was convenient for astronomy, 
was nevertheless of a nature to create some difficulties for the 
physicist. With apparently good reason it was concluded that, 
if the velocity of rotation had remained constant, the volume of 
the earth could have undergone no change. The earth completes 
one revolution on its axis in 86,400 sidereal seconds; it conse- 
quently appears, if this time has not altered during 2500 years 


to the extent of ;};th of a second, or giicagth part of a day, 


that during this long space of time the radius of the earth also 
cannot have altered more than this fraction of its length. The 
earth’s radius measures 6,369,800 metres, and therefore its length 
ought not to have diminished more than 15 centimetres in twenty- 
five centuries. 

The diminution in volume, as a result of the cooling-process, 
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is however, closely connected with the changes on the earth’s 
surface. When we consider that scarcely a day passes without 
the occurrence of an earthquake or shock in one place or an- 
other, and that of the three hundred active volcanos some are 
always in action, it would appear that such a lively reaction of 
the interior of the earth against the crust is incompatible with 
the constancy of its volume. 

This apparent discrepancy between Cordier’s theory of the 
connexion between the cooling of the earth and the reaction of 
the interior on the exterior parts, and Laplace’s calculation 
showing the constancy of the length of the day, a calculation 
which is undoubtedly correct, has induced most scientific men 
to abandon Cordier’s theory, and thus to deprive themselves of 
any tenable explanation of volcanic activity. 

The continued cooling of the earth cannot be denied, for it 
takes place according to the laws of nature; in this respect the 
earth cannot comport itself differently from any other mass, 
however small it be. In spite of the heat which it receives from 
the sun, the earth will have a tendency to cool so long as the 
temperature of its interior is higher than the mean temperature 
of its surface. Between the tropics the mean temperature pro- 
duced by the sun is about 28°, and the sun therefore is as little 
able to stop the cooling-tendency of the earth as the moderate 
warmth of the air can prevent the cooling of a red-hot ball sus- 
pended in a room. 

Many phenomena—for instance, the melting of the glaciers 
near the bed on which they rest—show the uninterrupted emis- 
sion of heat from the interior toward the exterior of the earth; 
and the question is, Has the earth in twenty-five centuries ac- 
tually lost no more heat than that which is requisite to shorten a 
radius of more than six millions of metres only 15 centimetres? 

In answering this question, three points enter into our caleu- 
lation :—(L) the absolute amount of heat lost by the earth in a 
certain time, say one day; (2) the earth’s capacity for heat; and 
(3) the coéfficient of expansion of the mass of the earth. 

As none of these quantities can be determined by direct 
measurements, we are obliged to content ourselves with probable 
estimates; these estimates will carry the more weight the less 
they are formed in favor of some preconceived opinion. 

Considering what is known about the expansion and contrac- 
tion of solids and liquids by heat and cold, we arrive at the con- 
clusion that for a Miinides of 1° in temperature, the linear 
contraction of the earth cannot well be less than ;,;th part, a 
number which we all the more readily adopt because it has been 
used by Laplace, Arago, and others. 

If we compare the capacity for heat of all solid and liquid 
bodies which have been examined, we find that, both as regards 
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volume and weight, the capacity of water is the greatest. Even 
the gases come under this rule; hydrogen, however, forms an 
exception, it having the greatest capacity for heat of all bodies 
when compared with an equal weight of water. In order not 
to take the capacity for heat of the mass of the earth too small, 
we shall consider it to be equal to that of its volume of water, 
which, when calculated for equal weights, amounts to 07184.’ 

If we accept Laplace’s result, that the length of a day has re- 
mained constant during the last 2500 years, and conclude that 
the earth’s radius has not diminished 14 decimetre in conse- 
quence of cooling, we are obliged to assume, according to the 

remises stated, that the mean temperature of our planet cannot 

ave decreased ;},° in the same period of time. 

The volume of the earth amounts to 2650 millions of cubic 
miles. A loss of heat sufficient to cool this mass 745° would 
be equal to the heat given off when the temperature of 6,150,000 
cubic miles of water decreases 1°; hence the loss for one day 
would be equal to 6°74 cubic miles of heat. 

Fourier has investigated the loss of heat sustained by the 
earth. ‘Taking the observation that the temperature of the earth 
increases at the rate of 1° for every 30 metres as the basis of his 
calculations, this celebrated mathematician finds the heat which 
the globe loses by conduction through its crust in the space of 
100 years to be capable of melting a layer of ice 3 metres in 
thickness and covering the whole surface of the globe; this cor- 
responds in one day to 7°7 cubic miles of heat, and in 2500 
years to a decrease of 17 centimetres in the length of the radius, 

According to this, the cooling of the globe would be suffi- 
ciently great to require attention when the earth’s velocity of ro- 
tation is considered. 

At the same time it is clear that the method employed by 
Fourier can bring to our knowledge only one part of the heat 
which is annually lost by the earth; for simple conduction 
through terra firma is not the only way by which heat escapes 
_from our globe. 

In the first place, we may make mention of the aqueous de- 
posits of our atmosphere, which, as far as they penetrate our 


? The capacity for heat, as well as the coéfficient of expansion of matter, as a 
rule, increases at higher temperatures, As, however, these two quantities act in 
opposite ways in our calculations, we may be allowed to dispense with the influence 
which the high temperature of the interior of the earth must exercise on these 
numbers. Even if, in consequence of the high temperature of the interior, the 
earth’s mass could have a capacity two or three times as great as that which it has 
from 0° to 100°, it is to be considered, on the other hand, that the coé@fficient of ex- 
pansion, ;xx, 559: Only holds good for solids, and is even small for them, whilst in 
the case of liquids we have to assume a much greater coéfficient: for mercury be- 
tween 0° and 100°, it is about six times as great. Especially great is the contrac- 
tion and expansion of bodies when they change their state of aggregation; and this 
should be taken into account when considering the formation of the earth’s crust. 
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earth, wash away, so to speak, a portion of the heat, and thus 
accelerate the cooling of the globe. The whole quantity of 
water which falls from the atmosphere upon the land in one day, 
however, cannot be assumed to be much more than half a cubic 
mile in volume, hence the cooling effect produced by this water 
may be neglected in our calculation. The heat carried off by all 
the thermal springs in the world is very small in comparison 
with the quantities which we have to consider here. 

Much more important is the effect produced by active volca- 
nos. As the heat which accompanies the molten matter to the 
surface is derived from the store in the interior of the earth, 
their action must influence considerably the diminution of the 
earth’s heat. And we have not only to consider here actual 
eruptions which take place in succession or simultaneously at 
different parts of the earth’s surface, but also volcanos in a qui- 
escent state, which continually radiate large quantities of heat 
abstracted from the interior of the globe. If we compare the 
earth to an animal body, we may regard each volcano as a place 
where the epidermis has been torn off, leaving the interior ex- 
posed, and thus opening a door for the escape of heat. 

Of the whole of the heat which passes away through these 
numerous outlets, too low an estimate must not be made. To 
have some basis for the estimation of this loss, we have to re- 
collect that in 1783, Skaptar-Jokul, a volcano in Iceland, emitted 
sufficient lava in the space of six weeks to cover 60 square miles 
of country to an average depth of 200 metres, or, in other 
words, about 1$ cubic mile of lava. The amount of heat lost 
by this one eruption of one volcano must, when the high tem- 
perature of the lava is considered, be estimated to be more than 
1000 cubic miles of heat; and the whole loss resulting from the 
action of all the voleanos amounts, therefore, in all probability, 
to thousands of cubic miles of heat per annum. This latter 
number, when added to Fourier’s result, produces a sum which 
evidently does not agree with the assumption that the volume of 
our earth has remained unchanged. 

In the investigation of the cooling of our globe, the influence 
of the water of the ocean has to be taken into account. Fourier’s 
calculations are based on the observations of the increase of the 
temperature of the crust of our earth, from the surface toward 
the centre. But two-thirds of the surface of our globe are cov- 
ered with water, and we cannot assume @ priori that this large 
area loses heat at the same rate as the solid parts; on the con- 
trary, various circumstances indicate that the cooling of our 
globe proceeds more quickly through the waters of the ocean 
resting on it than from the solid parts merely in contact with the 
atmosphere. 

In the first place, we have to remark that the bottom of the 
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ocean is, generally speaking, nearer to the store of heat in the 
interior of the earth than the dry land is, and hence that the 
temperature increases most probably in a greater ratio from the 
bottom of the sea toward the interior of the globe, than it does 
in our observations on the land. Secondly, we have to consider 
that the whole bottom of the sea is covered by a layer of ice- 
cold water, which moves constantly from the poles to the equa- 
tor, and which, in its passage over sand-banks, causes, as 
Humboldt aptly remarks, the low temperatures which are gen- 
erally observed in shallow places. That the water near the 
bottom of the sea, on account of its great specific heat and its 
low temperature, is better fitted than the atmosphere to withdraw 
the heat from the earth, is a point which requires no further 
discussion. 

We have plenty of observations which prove that the earth 
suffers a great loss of heat through the waters of the ocean. 
Many investigations have demonstrated the existence of a large 
expanse of sea, much visited by whalers, situated between Ice- 
land, Greenland, Norway, and Spitzbergen, and extending from 
lat. 76° to 80° N., and from long. 15° E. to 15° W. of Greenwich, 
where the temperature was observed to be higher in the deeper 
water than near the surface—an experience which neither ac- 
cords with the general rule, nor agrees with the laws of hydro- 
statics. Franklin observed, in lat. 77° N. and long. 12° E., that 
the temperature of the sea near the surface was —4}°, and at a 
depth of 700 fathoms +6°. Fisher, in lat. 80° N. and long. 11°E., 
noticed that the surface-water had a temperature of 0°, whilst at 
a depth of 140 fathoms it stood at +8. 

As sea-water, unlike pure water, does not possess a point of 
greatest density at some distance above the freezing-point, and 
as the water in lat. 80° N. is found at some depth to be warmer 
than water at the same depth 10° southward, we can only ex- 
plain this remarkable phenomenon of an increase of temperature 
with an increase of depth by the existence of a source of heat 
at the bottom of the sea. The heat, however, which is required 
to warm the water at the bottom of an expanse of ocean more 
than 1000 square miles in extent to a sensible degree, must 
amount, according to the lowest estimate, to some eubic miles of 
heat a day. 

The same phenomenon has been observed in other parts of 
the world, such as the west coast of Australia, the Adriatic, the 
Lago Maggiore, &c. Especial mention should here be made of 
an observation by Horner, according to whom, the lead, when 
hauled up from a depth varying from 80 to 100 fathoms in the 
mighty Gulf-stream off the coast of America, used to be hotter 
than boiling water. 

The facts above mentioned, and some others which might be 
added, clearly show that the loss of heat suffered by our globe 
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during the last 2500 years is far too great to have been without 
sensible effect on the velocity of the earth’s rotation. The rea- 
son why, in spite of this accelerating cause, the length of a day 
has nevertheless remained constant since the most ancient times, 
must be attributed to an opposite retarding action. This con- 
sists in the attraction of the sun and moon on the liquid parts 
of the earth’s surface, as explained in the last chapter. 

According to the calculations of the last chapter, the retard- 
ing pressure of the tides against the earth’s rotation would cause, 
during the lapse of 2500 years, a sidereal day to be lengthened 
to the extent of ,';th of a second; as the length of a day, how- 
ever, has remained constant, the cooling effect of the earth 
during the same period of time must have shortened the day 
yzth of a second. A diminution of the earth’s radius to the 
amount of 44 metres in 2500 years, and a daily loss of 200 cubic 
miles of heat, correspond to this effect. Hence, in the course of 
the last twenty-five centuries, the temperature of the whole mass 
of the earth must have decreased ;',°. 

The not inconsiderable contraction of the earth resulting from 
such a loss of heat, agrees with the continual transformations of 
the earth’s surface by earthquakes and volcanic eruptions; and 
we agree with Cordier, the industrious observer of volcanic pro- 
cesses, in considering these phenomena a necessary consequence 
of the continual cooling of an earth which is still in a molten 
State in its interior. 

When our earth was in its youth, its velocity of rotation must 
have increased to a very sensible degree, on account of the rapid 
cooling of its then very hot mass. This accelerating cause grad- 
ually diminished, and as the retarding pressure of the tidal wave 
remains nearly constant, the latter must finally preponderate, 
and the velocity of rotation therefore continually decrease. Be- 
tween these two states we have a period of equilibrium, a period 
when the influence of the cooling and that of the tidal pressure 
counterbalance each other; the whole life of the earth therefore 
may be divided into three periods—youth with increasing, 
middle age with uniform, and old age with decreasing velocity 
of rotation. 

The time during which the two opposed influences on the ro- 
tation of the earth are in equilibrium can, strictly speaking, 
only be very short, inasmuch as in one moment the cooling, and 
in the next moment the pressure of the tides must prevail. 
In a physical sense, however, when measured by human stand- 
ards, the influence of the cooling. and still more so that of the 
tidal wave, may for ages be considered constant, and there must 
consequently exist a period of many thousand pose duration 
during which these counteracting influences will appear to be 
equal. Within this period, a sidereal day attains its shortest 
length, and the velocity of the earth’s rotation its maximum— 
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circumstances which, according to mathematical analysis, would 
tend to lengthen the duration of this period of the earth’s ex- 
istence. 

The historical times of mankind are, according to Laplace’s 
calculation, to be placed in this period. Whether we are at the 
present moment still near its commencement, its middle, or are 
approaching its conclusion, is a question which cannot be solved 
by our present data, and must be left to future generations. 

The continual cooling of the earth cannot be without an in- 
fluence on the temperature of its surface, and consequently on 
the climate; scientific men, led by Buffon, in fact, have ad- 
vanced the supposition that the loss of heat sustained by our 
globe must at some time render it an unfit habitation for organic 
life. Such an apprehension has evidently no foundation, for 
the warmth of the earth’s surface is even now much more de- 
pendent on the rays of the sun than on the heat which reaches 
us from the interior. According to Pouillet’s measurements, 
mentioned in Chapter III, the earth receives 8000 cubic miles 
of heat a day from the sun, whereas the heat which reaches the 
surface from the earth’s interior may be estimated at 200 cubic 
miles per diem. The heat therefore obtained from the latter 
source every day is but small in comparison to the diurnal heat 
received from the sun. 

If we imagine the solar radiation to be constant, and the heat 
we receive from the store in the interior of the earth to be cut 
off, we should have as a consequence various changes in the 
physical constitution of the surface of our globe. The tempe- 
rature of hot springs would gradually sink down to the mean 
temperature of the earth’s crust, volcanic eruptions would cease, 
earthquakes would no longer be felt, and the temperature of the 
water of the ocean would be sensibly altered in many places— 
circumstances which would doubtless affect the climate in many 

arts of the world. Especially, it may be presumed that Western 

urope, with its pleasant favorable climate, would become colder, 
and thus perhaps the seat of the power and culture of our race 
transferred to the milder parts of North America. 

Be this as it may, for thousands of years to come we can pre- 
dict no diminution of the temperature of the surface of our 
globe as a consequence of the cooling of its interior mass; and, 
so far as historic records teach, the climates, the temperatures of 
thermal springs, and the intensity and frequency of volcanic 
eruptions are now the same as they were in the far past. 

It was different in prehistoric times, when for centuries the 
earth’s surface was heated by internal fire, when mammoths 
lived in the now uninhabitable polar regions, and when the tree- 
ferns and the tropical shell-fish, whose fossil remains are now 
especially preserved in the coal-formation, were at home in all 
parts of the world. 
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Art. XLIL.—Notice of a new fossil Annelid (Helminthodes an- 
tiquus), from the Lithographic Slates of Solenhofen; by O. C. 
ARSH, F.G.S., of New Haven, Ct. 


DuRtnG a geological excursion which I recently made through 
the south of Germany, I spent several days at the lithographic 
quarries of Solenhofen, in Bavaria, and was so fortunate as to 
obtain a rich suite of fossils from that well known locality. 

One of the most interesting specimens in the collection is a 
new Annelid, which is so well preserved that not merely the 
outer form, but also the inner structure, can be determined with 
considerable certainty. The fossi] is about 84 inches in length, 
and $ of an inch in breadth. The alimentary canal is straight, 
of nearly equal size throughout the body, and appears to be 
filled with its original contents. 

This is, I believe, the first instance in which any part of an 
Annelid itself has been found preserved; the fossil remains 
hitherto referred to this class being either calcareous tubes allied 
to Tubicola, or certain impressions, tracks, and borings attributed 
to Annelids, but most of them more or less problematical as 
regards their origin. 

At the last meeting of the Geological Society of Germany, 
held here on the 6th inst., 1 mentioned the discovery of this spe- 
cimen; and, as it was evidently quite different from anything 
previously described, I proposed for the species the name Hel- 
minthodes antiquus. 

A careful comparison with living forms will probably be ne- 
cessary to determine the true position of this fossil among the 
Annelids, to which class it undoubtedly belongs, although some 
points in its structure seem to indicate other affinities. A full 
description, with illustrations, will soon be ready for publication 
in the American Journal of Science. 

Berlin University, July 12, 1864. 


SCIENTIFIC INTELLIGENCE. 
I. CHEMISTRY AND PHYSICS. 


1. On the wave-lengths of the luminous and ultra-violet rays.—-Mas- 
cart has presented to the French Academy a memoir on wave-lengths, con- 
taining some new determinations of considerable interest and apparently 
of much accuracy. The author employed a prism of iceland spar, which 
permits the ultra-violet rays to pass with even greater facility than quartz, 
while the high dispersive power for the ordinary ray allows a very large 
number of liues tv be distinctly seen. The author has drawn about 
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seven hundred lines more refrangible than H, selecting from among 
them, fur the sake of comparison, the lines L, M, N, O, P, Q, R, already 
employed by physicists, as well as two others, S and ‘I, still more refran- 
gible and not previously studied. The wave-lengths were determined by 
means of a ruled glass, executed by Nobert, and containing about 44 lines 
to the millimeter. The following table gives the results of the measure- 
ments in thousandths of a millimeter: 


B 068667 F 048596 N 035802 
C 065607 G 0°48U75 O 034401 
D 058880 H 039672 P 083602 
E 0°52678 0°38190 Q 032856 
6 051655 M 0°'37288 R 081775 


The numbers contained in this table are the means of ten series of 
experiments which closely agreed. The author believes them exact to at 
Jeast half a unit in the fourth significant figure, except in the case of the 
ultra-violet rays where the observation is more difficult. The numbers 
are in general a little higher than those of Fraunhofer in his second series, 
—Comptes Rendus, \viii, 1111. W. G. 

2. On the determination of wave-lengths by means of interference bands, 
—Bernarp has re-invented and presented to the Academy of Sciences 
as new, the method employed by Esselbach for the determination of 
wave-lengths by means of a special application of the principle of inter- 
ferences. As the method in question is likely to be extensively employed 
hereafter, and as it has been in some respects extended in its application 
by Bernard, we shall here give it in full. The author has applied it in 
two somewhat different forms. A plate of spar 1°022™™ in thickness 
cut parallel to the axis, was placed perpendicularly to the incident beam 
between two Nichol’s prisms. The axis of the plate being 45° from the 
principal sections of the prisms crossed at a right angle, the emergent 
beam possessed the maximum intensity. When this beam was analyzed 
by means of a spectroscope with four prisms, the spectruin was fuund to 
be traversed by bands, alternately light and dark, through the former of 
which the solar lines could be seen. If m be the number of bands com- 
prised between two rays corresponding to the wave-lengths 4 and 4’, 8 
and 0” the differences between the ordinary and extraordinary indices for 
these rays, and e the thickness of the plate, the value of 4 may be de- 


duced from the equation 4 = ~ in which m is to be taken as positive 


m’ 

or negative according as 4 is snialler or greater than 4’, To determine the 
wave-length of any line in the spectrum, it is therefore only necessary to 
know a single wave-length, as for instance that of D, and the quantities 
6, 0’, e, given directly by observation and determined once for all for the 
same plate. It is only necessary to count the number of included lines m. 
Another and simpler method of applying the same principle is the fol- 
lowing. In front of the object-glass of the collimator, and adapted to it, 
is placed a screen having a rectangular opening about two centimeters 
in height and seven millimeters wide. The difference in path between 
the two interfering rays is produced by a plate of quartz 0°999™™ in 
thickness. This plate is attached by wax to the screen so as to cover 
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half the width of the opening with a height of five millimeters; the 
inner border of the plate was parallel to the slit of the collimator. The 
very well defined and numerous bands obtained in this manner occupied 
only one-fourth of the spectrum in height, and formed a sort of ruled 
ribbon, the centre of which corresponded to the middle line of the spec- 
trum. From A to H there were more than seven hundred bands, and 
the interval between the two principal rays in D was equal to the width 
of a band. By using a blue glass, sixty bands could be counted beyond 
A in the extreme red, and a still greater number seen indistinctly up to 
the last limit of the visible spectrum. To calculate the value of 4 we 
replace, in the formula already given, the values 0 and 0’ by n—1 and 
n,—1, where n and n, are the indices of refraction of quartz for the or- 
dinary rays of wave-length 4 and 4’. In this manner the author obtained 
the following wave-lengths, taking Fraunhofer’s value for D, namely, 
5888: 
A 7602 C 6557 E 5266 G 4305 


§ 3969 border 
B 6865 D— F 4858 H { 3967 centre. 


Bernard suggests—and this constitutes, we think, the chief merit and 
only original part of his paper—that the arrangement he proposes 
will give a simple and precise method of classifying the spectral lines, 
since it is easy to measure one-tenth of the interval between two succes- 
sive bands by means of a micrometer screw, and thus with a standard 
plate of quartz, one millimeter in thickness, to divide the spectrum be- 
tween A and H ‘nto 7000 equal parts. Moreover, by a simple method 
of interpolation, it would be easy to deduce the wave-length of any ob- 
served line. This would unquestionably be a great improvement in the 
spectroscope, and would give a fixed scale deserving of general adoption. 
—Comptes Rendus, lviii, 1153. W. G. 

3. On the atomic weight of Thorium and the formula of Thoria,—Dr- 
LAFONTAINE has determined the equivalent of thorium from numerous 
analyses of the sulphate. The earth employed was obtained partly from 
orangeite from Arde, and partly from thorite from Lévén, the mineral 
being in each case resolved by sulphuric acid in the manner recom- 
mended by Marignac for cerite. The sulphate of thoria is heavy, white, 
and caseous, and consists of extremely fine felted needles; if allowed to 
stand a few days, with less water than is required for complete solution, 
the mass changes to clear and colorless crystals, which, according to 
Marignac, belong to the oblique rhombic system. The sulphate was 
dried at 400°-450°; the anhydrous salt gave on ignition pure thoria. 
As a mean of fourteen experiments, the author obtained 52°51 per cent 
of thoria. Determinations of the acid and water in this and another 
sulphate were also made, and lead to the formulas 4(ThO, SO,)+9 aq. 
and 2(ThO,SO,)+-9 aq., which are, to say the least, unusual. The 
author considers it most probable that the true formula of thoria is ThO, 
and not ThO, as assumed by Berzelius, In the former case the equiva- 
lent of thorium, according to the above-mentioned experiments, is 115°6. 
Delafontaine further adduces in support of his opinion the isomorphism 
of thoria with stannic and titanic acids observed by Nordenskiéld and 
Chydenius. Upon this view, the sulphates must be written 2(ThO., 

Am. Jour. ScL.—Seconpb Serigs, VoL. XX XVIII, No. 114—Nov., 1864. 
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2S0,)+-9 aq. and ThO,,2SO,+-9 aq. Finally, the formulas of the dou- 
ble fluorids of potassium and thorium become, upon Delafontaine’s view, 
KF+ThF,+-4 aq. and KF+2ThF,+4aq. If we take O=16, the 
atomic weight of thorium considered as tetratomic must be doubled and 
becomes 231°2. The weight of evidence certainly appears to be in favor 
of the formula ThO, (O=8).—Ann. der Chemie und Pharmacie, cxxxi, 
100; from Archives des Sciences Physiques et Naturelles, xviii, 343. 
Ww. G. 

4. On Yittria.—An investigation of this rare earth by Popp in Woh- 
ler’s laboratory leads to the not unwelcome result that the metals erbium 
and terbium, which have long figured in our books and taunted our ig- 
norance, have no real existence; what has hitherto been considered as a 
mixture of the oxyds of yttrium, erbium and terbium being merely a 
mixture of yttria with the oxyds of the metals of the cerium group and 
with small portions of the alkalies and lime. In a note, the author fur- 
ther states that his investigations have rendered the existence of lantha- 
num very doubtful, so that it is possible that the metal may be stricken 
from the list of elements and go the way of donurium, norium, wasium, 
and wodanum. The separation of yttria from the oxyds of cerium and 
didymium may be effected, according to Popp, by carbonate of baryta, 
which precipitates the latter completely in the cold, while yttria remains 
in solution ; for the success of this process it is necessary that the cerium 
should be in the form of sesquioxyd, as the protoxyd is not precipitated 
by carbonate of baryta. Freshly precipitated pure yttria resembles hy- 
drate of alumina, and has a pure white color without a trace of red, 
when perfectly free from oxyd of cerium. After ignition, the oxyd is a 
heavy yellowish-white powder; when pure white it contains alkali and 
lime. The hydrate was found to have approximately the formula 
YO,2HO. Yttria is a strong base which expels ammonia from its salts 
on boiling, and exhibits much analogy with magnesia; all of its crystal- 
line hydrated salts have a distinct pale rose color which is peculiar to 
them and does not arise from manganese or didymium. Solutions of 
yttrium, when examined by the spectroscope, exhibit five distinct black 
absorption lines, which do not correspond with those of didymium, but 
are characteristic for yttrium, Of these lines, one lies in the extreme 
red, two between the green and yellow, one between the blue and green, 
and one far iu the violet. The author determined the equivalent of 
yttria by four analyses of the sulphate which closely agreed, and gave 
42°015 as the equivalent of the oxyd, so that we may consider that of 
the metal as 34, within the limits of the errors of the analyses: this is 
an arithmetical mean between the equivalents of calcium and didymium. 
Metallic yttrium was prepared by reducing the chlorid by means of so- 
dium. It is an iron-black powder, which when dry is blackish-gray, re- 
sembling iron reduced by hydrogen, and does not oxydize at ordinary 
temperatures in the air. Water oxydizes it very slowly in the cold, more 
rapidly by boiling. Dilute acids dissolve it with great facility and with 
evolution of hydrogen. Heated upon platinum fuil it burns with an in- 
tense light, and this is still more remarkable when the combustion takes 
“oat in oxygen. The author has analyzed and described a large num- 

r of salts, and rendered the chemical history of the metals tolerably 


Chemistry and Physics. 419 


complete. For the descriptions of the salts we must refer to the original 
memoir.— Ann. der Chemie und Pharmacie, |v, 179. W. G. 

5. On the separation of Cerium from Lanthanum and Didymium.— 
Porp has found that cerium may be easily and completely separated from 
lanthanum and didymium by adding acetate of soda to the solution of 
the mixed chlorids, passing chlorine into the liquid, and heating till the 
liquid boils. After boiling a short time, the whole of the cerium is sepa- 
rated as a bright yellow precipitate, perfectly free from lanthanum and 
didymium. When much free acetic acid is present the precipitate redis- 
solves on cooling and is again precipitated when the solution is boiled, 
The boiling soluticn is to be filtered upon a water-bath funnel, and the 
precipitate washed with boiling water. The filtrate must remain clear 
when heated, otherwise the cerium is not entirely separated. In place 
of chlorine, a solution of hypochlorite of sodium may be used, the solu- 
tion being boiled as before. The author states that when the operation 
is carefully conducted a single treatment is sufficient, and every trace of 
cerium is precipitated free from lanthanum and didymium. The oxyd 
of cerium precipitated appears to be a superoxyd, CeO. It contains 
water, and dries to a brownish-yellow mass, which yields a bright yellow 
powder. Popp finds that pure protoxyd of cerium, obtained by igniting 
the oxalate and heating the oxyd ina current of hydrogen, is a purely 
white powder which takes a reddish color when exposed to the air, 
When the superoxyd is dissolved in warm concentrated nitric acid, and 
the solution is precipitated by ammonia, a flesh-red hydrate of the sesqui- 
oxyd is formed, which, after settling and in large masses, possesses a dirty 
violet-red color. The ignited hydrate gives a deep brown-red oxyd, 
which is insoluble in the strongest acids, and is only dissolved by long 
digestion with concentrated sulphuric acid. The solution has a golden- 
yellow color, and gives a bright yellow crystalline precipitate with sul- 
phate of potash. Metallic cerium may be obtained by simply igniting 
the oxalate in a glass tube closed at one end and excluding the air as 
much as possible. It is a blackish-gray metallic powder, which, on gentle 
heating, burns to a red oxyd. Water appears not to oxydize it—Ann, 
der Chemie und Pharmacie, cxxxi, 359. Ww. G. 

6. On Wasium.—Porr and Detarontarne have, independently of 
each other, examined the so-called oxyd of wasium of Bahr. Both 
chemists agree that the supposed new element does not exist. While, 
however, Popp maintains that the oxyd of wasium is a mixture of the 
oxyds of yttrium, cerium and didymium, Delafontaine considers it to be 
only oxyd of cerium. In any case, the suspicions expressed by Nicklés 
and by the writer of these notices in regard to wasium appear to have 
been well founded.—Ann. der Chem. und Pharm., cxxxi, 364, 368. 

Ww. G. 

7. Preliminary notice of a new earth—Biscnor has discovered in a 
calcareous mineral a new earth which exhibits the following reactions. 
It is precipitated by sulphid of ammonium, completely by potash, imper- 
fectly by ammonia, as a gelatinous bluish-white precipitate. The last 
precipitation is not prevented by tartaric acid, and only partially by am- 
monia. The precipitate by potash or ammonia is somewhat soluble in 
water and may therefore be washed away. Carbonate of soda gives a 
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white flocky precipitate. Carbonate of ammonia dissolves the earth 
almost completely; the remainder, which is in very small quantity, ap- 
pears to exhibit other reactions. With sulphuric acid the earth gives a 
salt which is soluble with difficulty and crystallizes easily. The most 
peculiar fact connected with the new earth is the behavior of the chlorid 
on heating. This gives a white sublimate which is precipitated by pot- 
ash, while a basic oxyd(?) remains. If this be moistened with chlor- 
hydric acid and heated, the sublimate is again formed. The earth gives 
no characteristic reactions either with the blowpipe or spectroscope. The 
author promises a more full examination as soon as the material can be 
obtained, meantime no name is proposed for the supposed new element, 
and it is to be hoped that none will be until its existence is — 
beyond the possibility of doubt.—Pogg. Ann., exxii, 646. 

8. Thallium.——The presence of thallium in the lepidolite of icunte 
and the mica of Zinnwald has been ascertained by Prof. Schrétter. 

9. Refractory character of alumina and silica; C. Biscuor.—Pure 
alumina chemically prepared is less refractory than chemically pure silica, 
but pure native alumina is more refractory than native silica (rose quartz 
of Norway, rock erystal or amethyst). Basic silicates of alumina are 
more refractory than acid, and clays are more refractory the more alu- 
mina they contain.-—J. fir prakt. Chemie, xci, 19. 

10. On the magnetic period depending on the Sun’s rotation; by 
Prof. Gusravus Hivricns, Iowa State University—In the last number 
of this Journal (the number for September, p. 269) there is a synopsis of 
a-paper of Baxendell on some remarkable changes in the magnetic con- 
dition of the earth having a variable period of from twenty-three to 
thirty-two days, and being closely connected with the period of solar 
spots. An explanation is at the same time advanced—but depending 
on a series of hypotheses equal in number to the changes observed, and 
apparently all equally daring. A ring of nebulous matter is assumed 
and referre? to Leverrier’s hypothesis; but again this ring is considered 
very different from common matter, being endowed with forces that make 
it oscillate through a distance of three millions of miles toward and from 
the sun. Indeed, these hypotheses seem much more in need of an ex- 
planation than the phenomena observed. 

It may therefore not be amiss to show that the principal period may 
be accounted for by my theory of terrestrial magnetism, which is based 
upon only one single hypothesis, and which seems to account for all 
known phenomena of terrestrial magnetism. This hypothesis is that an 
electrical current is a current of ether—a hypothesis which is apparently 
the legitimate result of modern science, and from which I think the prin- 
cipal laws of static and dynamic electricity can be analytically deduced. 

From this hypothesis it follows that all heavenly bodies, having both 
a translatory and rotatory motion, are magnets. (See my memvir enti- 
tled Der Erdmagnetismus als Folge der Bewegung der Erde im Aether, 
Copenhagen, 1860, § 19.) Hence the sun is a magnet. (Der Hrdmag- 
netismus, § 25.) 

The solar spots are certainly great changes in the atmosphere of the 
sun. Hence, the amount of ether condensed by translation, as well as 
the distribution thereof by rotation, must, whatever the spots themselves 
may be, change with the size, frequency, and velocity of these spots. 
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But any change in the ether-current is a change in the sun’s magnetism, 
which, by induction in the earth-magnet, produces a similar change in 
the latter. From this it follows: 

ist. That the elements of terrestrial magnetism change in harmon 
with the change in the solar spots. (Der Hrdmagnetismus, §$§ 37, 38.) 

2d. As the sun rotates around an axis differing from his magnetic axis 
(Zrdm., § 19), there must be a period in terrestrial magnetism equal to 
the apparent time of the sun’s rotation, i. e., 274 days (Olmsted, Astron- 
omy, § 148). This evidently is Baxendell’s period, for the mean of the 
shortest and longest period given by him (23 and 32 days) is 274 days 
—as good as identical with the above. 

It remains now only to be seen whether there is any cause for the va- 
riation of this new period. In the notice of Carrington’s work on the 
Spots on the Sun, in this Journal, July, 1864, p. 142, it is stated that 
the spots travel at different rates according to their distance from the 
suns equator, and that the limiting parallels between which the spots 
are found, contract and expand somewhat correspondingly to the periods 
of maximum and minimum of sun-spots. Therefore it appears to us less 
bold to expect from more complete investigations on the spots and on 
the magnetic periods in question a full accordance between both, than to 
assutne a diamagnetic ring oscillating through a space of three millions 
of miles, 

Baxendell’s period of 18 months might be referred to the secular rota- 
tion of the magnetic axis of the sun, but for our earth this period amounts 
to from ten to fourteen centuries (Zrdm., § 61), so that the above period 
for the sun seems to be smaller than the less density of the solar sphere 
can account for. We would, therefore, not pronounce on this question. 

11. The Electric Discharge-—Mr. Feppersen, of Leipsic, has published 
( Poggendorff’s Ann., cxiii, 437, and exvi, 132) an interesting account 
of his experiments on the discharge of the Leyden jar. The light caused 
by the explosion was analyzed by a revolving concave mirror, silvered 
by Liebig’s process, its radius of curvature being 500 mm. The rates 
of revolution varied from 30 to 100 times per second. The image of the 
spark thus formed was received either on a ground glass plate and exam- 
ined by the eye, or on a sensitive photographic plate, where it impressed 
its elongated image. These experiments have thrown much light on the 
nature of the discharge, aud seem to have settled some disputed points, 
Previous to this, many electriciaus were accustomed to regard the dis- 
charge either as continuous, or as consisting of a series of partial dis- 
charges all directed the same way. Feddersen has shown that each of 
these kinds of discharges really does occur under certain circumstances ; 
but that in most cases where the circuit is metallic, the discharge is oseil- 
latory, the electricity flowing not merely in one direction, but alternately 
to and fro. The well-known experiment of Wheatstone had induced a 
belief that the electric discharge, with a short metallic circuit, lasted less 
than the one millionth of a second, while Feddersen has found that it oc- 
eupies nearly Of a second. With a short circuit of good conduct- 
ing power, Feddersen finds indications that lead him to the belief that 
the discharge is oscillatory; that is, one half of the positive electricity 
from the interior of the jar passes to the exterior coating, simultaneously 
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one half of the negative electricity of the external coating passing to the 
interior of the jar; the action now however does not cease, as would be 
expected ; the interior of the jar becomes negatively electrified, and dis- 
charges itself, the two currents of positive and negative electricity being 
now reversed in direction; next, the interior of the jar becomes again 
positively charged, and discharges itself—and so on, until the force is 
spent, which takes place after 30, 20, 10, or a smaller number of oscil- 
lations. If a certain number of oscillations have been observed, and the 
resistance of the circuit be gradually increased, the number of observed 
oscillations will diminish, until finally only one remains. This is the 
point at which the discharge ceases to be oscillatory, and becomes con- 
tinuous. In this kind of discharge the two currents never change their 
primary directions; they rapidly reach a maximum, and gradually di- 
minish, ceasing altogether when one half of the positive el+ctricity has 
reached the exterior coating, and one half of the negative the interior of 
the jar. If now the resistance of the circuit be further gradually in- 
creased, the discharge remains continuous, but its duration is increased, 
till a second point is reached, when the nature of the discharge again 
alters, and the continuous discharge is succeeded by a third kind of dis- 
charge, the “partial,” when equilibrium is effected by a series of partial 
eparks, the positive and negative currents preserving their primary direc- 
tions to the end. This kind of discharge Feddersen obtained by the in- 
troduction into the circuit of narrow tubes filled with distilled water. 

Duration of the discharge with a short circuit of good conducting 
power.—The spark thus produced is drawn out by the revolving mirror 
into a band, whose length of course varies with the rate of rotation; 
with a rate of 52 revolutions per second, the band was 27$™™ in length, 
and consisted of a yellowish white portion, shading into a greenish 
white, and this again into a red tail, the last being caused by the fine 
metallic particles, in cooling, passing through a red heat. 


Duration of the yellow white portion, 0°00003 sec. 


“ green 000004 
red “ 000006 
Total, 000013 


In this experiment a single Leyden jar was used, the coating being = 
02006 square meter. It was fuund that increasing the length of the 
spark, and the area of the electrical surface, each lengthened the duration 
of the total discharge. 

It was also found that when two jars were used, each having a coated 
surface = 0°2006 square meter, a tube of sulphuric acid sp. gr. 1°25, 
1mm wide and 9" Jong, being introduced into the circuit, only one 
oscillation remained, and with a tube 12™™ long the continuous dis- 
charge generally began. 

By the introduction into the circuit of 1300 meters of copper wire, 
whose resistance = that of a tube of sulphuric acid sp. gr. 1°25, 1™™ 
wide and long, the duration of the discharge was lengthened three or 
four fuld; it was oscillatory in its nature, and the band on the ground 
glass was crossed by dark spaces. These bands, sometimes 9 inches in 
length, furnished splendid photographs where the indications of the al- 
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ternate change in the direction of the currents were pretty plain. By 
the introduction of tubes of sulphuric acid, the number of these bands 
could be reduced to one, and then by continuing the process, the dis- 
charge passed into the continuous as before. 

Feddersen found that the length of the spark, and the amount of the 
charge of electricity, had no sensible effect on the duration of a single 
oscillation ; with ten jars of the above mentioned electrical capacity, and 
a tolerably short metallic cireuit, he obtained, 


For a 4mm. spark. For 8mm. 
Time of one oscl, 0°00000304 sec. 0°00000305 sec. 
With 16 jars and a very long circuit, he obtained, 
For a 14mm. spark. For 9mm. 
Time of one oscl, 0°0000511 sec. 00000514 sec. 


The alteration of the area of the electric surface, (number of jars,) 
exercised an influence according to the law 


t, being the time of a single oscillation; a, a constant, dependent only on 
the nature of the circuit and the Leyden jars, while s is the number of 
the jars. 0. N. R. 

12. Interesting Electrical Phenomenon; by C. Ptazzt Smytu, Astrono- 
mer Royal for Scotland.— With reference to the notice on “ Photograph- 
ing Electric Light,”* on page 272 of the last number of The British 
Journal of Photography, | beg to send you in a dry-plate picture a simi- 
lar case which occurred to me on the 21st ult. (July). 

I was merely trying the qualities of some newly-prepared dry plates 
by Mr. Nicol, by taking a window view of house-tops, and was surprised 
to find every chimney top surmounted by a black streak or brush; i. e., 
black in the negative, and therefore indicating light. Nothing of the 
kind was visible to the naked eye in the scene itself, as a really existent 
fact, nor was any similar appearance visible on the ground-glass of the 
camera, The appearance, therefore, did not result from any bad action 
of the lens, which is a very good one. The stop employed was a small 
one (0°3 inch), and the definition of the developed picture was ex- 
tremely sharp. Again: the appearance could not be caused by smoke 
coming from the chimneys, because that would hardly have been lumi- 
nous; not one-tenth of the whoie chimneys could have had fires below 
them, and either smoke or rarified air would have drifted with the wind, 
which was blowing sensibly at the time, whilst the dark rays went up- 
ward straight as arrows. Again: that the chimneys, as chimneys, had 
nothing to do with it, was shown by a similar brush or ray appearing at 
the top of a certain little ventilator in the roof of one of the houses 
shown, and not out of the parts emitting air, but from the ornamental 
spike at the top. 

This circumstance convinced me at the time that the phenomenon was 
an electrical one, invisible to the eye, but abundantly visible or sensible 
to the photographic camera, and the occasion was perfectly agreeable 
thereto; for it was at the conclusion of a week of unusually hot, calm 


1 On the action of very weak electric light on the iodized plate, by Prof. O. N. 
Rood, this Journal, March, 1864, p. 207. 
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weather, and the sky had that morning become clouded with forms of 
clouds eminently electrical, 

Happily the thunder storm did not break in this neighborhood, being 
wafted away elsewhere; but had it broken here, the photograph tells ex- 
actly where the lightning was preparing to come down; and there is one 
tall iron chimney i in the view, with the strongest ray of the whole above 
it, showing that that would certainly have been struck in preference to 
its neighbors, and, if unprovided with metal communication to the earth 
and water, would infallibly have caused mischief to the house to which it 
is attached. 

I have sent a second plate, taken six days afterward, when east wind 
and rain had disposed of all the electricity that had been brewing in the 
air; and it will be seen that, although it is the same view, taken with 
the same camera, an‘ with the same sort of tannin dry plate, there are no 
electrical brushes, or black rays, surmounting the chimney pots.— British 
Journal of Photography. 


II. MINERALOGY AND GEOLOGY. 


1. On Meteoric Irons ; by H. Hatorincer.—Haidinger presents gocd 
reasons for considering the metallic iron of Robitzan, another found near 
Kremnitz in Hungary, and another from the vicinity of Cotta in Saxony, 
as probably not meteoric. 

He next describes a Meteoric iron from Copiapo, Although iron pre- 
dominates in it, it consists largely of stony material, and is actually a 
brecciform rock—an agglomeration of fragments, about and in the inter- 
stices of which the iron is spread as if it had been introduced in a liquid 
or pasty state. The stony pieces vary in size from that of a grain of 
sand to half an inch. Meteoric pyrrhotine (¢roilite of Haidinger) is 
mixed with the silicates in pieces sometimes a quarter of an inch in di- 
ameter. There is also some graphite. Nickel constitutes 6-4 p. c. of the 
metallic part. 

From the writings of Philippi, Tschudi, and Domeyko, it appears that 
there are numerous blocks of meteoric iron over the Chilian territory and 
especially through the clesert region of Atacama. Prof. Joy has analyzed 
one found in the Andes, 50 English miles from Copiapo. His results 
differ essentially from those obtained by Prof. G. Rose for a meteoric iron 
from the Sierra of Chaco, sent by Domeyko to the Berlin Museum (Mo- 
natsb, Acad. Berlin, Jan. 15, 1864). An abstract of the memoir of Do- 
meyko on the meteoric irons of Chili is given in the Comptes Rendus, 
March 8, 1863. 

The paper takes up next the Jron of Sarepta, Southern Russia. The 
surface of a plate cut from this iron, examined by reflected light, shows 
a structure distinctly crystalline-granular, like that of the meteoric iron 
of Arva (Northern Hungary). An analysis afforded Iron 95-937, schrei- 
bersite 1°315, tin 0°017, silicium 0°820,—Les Mondes, July 28, 1864, p. 
583; from the Ber. Wien. Akad., May 12, 1864. 

2. Onartificial Anatase, Brookite,and Rutile ; by Mr. Havrerevtiye. 
—The dry method of forming crystallized titanic acid adopted by Haute- 
feuille consisted in dissolving the titanic acid in an alkaline fluorid, or in 
fluorid of calcium, alone or mixed with silica, and submitting the solu- 
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tion to the action of a current of chlorhydric acid gas. As a further 
perfecting of the method, he makes the vapor of water to. react directly 
on the gaseous fluorid of titanium in a reducing or oxydizing atmosphere. 

For Anatase the fluorid of titanium is conducted along a platinum 
tube to the middle of a second platinum tube in which the vapor of 
water is passing. The tube is so heated that the fluorid and vapor of 
water meet at a temperature a little below that of the volatilization of 
cadmium. Octahedral crystals are formed, having the angles of anatase, 
and a density between 3°7 and 3°9. 

The titanic acid takes the form and angles of Brookite in the presence 
of fluohydric acid when the temperature at which it is produced is be- 
tween that required for the volatilization of cadmium and that for zine. 
G.= 

Rutile results when the fluorid of titanium and vapor of water are 
mixed at a bright red heat. The forms obtained are acicular square 
prisms with octahedral terminations, G.=4°3. 

In these reactions the fluohydric acid acts the same part as the chlor- 
hydric in the method of crystallizing adopted by H. St. Claire Deville ; it 
is an ephemeral solvent of the titanic acid—Les Mondes, July 28, p. 605. 

3. Bishopville meteorite ; Chladnite—The Bishopville meteorite, of 
which an analysis by Prof. J. Lawrence Smith is given at page 225 of 
this volume, was chemically investigated by Rammelsberg in 1861 (Mo- 
natsber. Berlin. Akad., Sept., 1861, p. 895). He first treated the mass 
with chlorhydric acid, then with carbonate of soda, and obtained a resi- 
due of 90°75 p.c.; and for the part decomposed, the composition §i 2-29, 
Fe 0°97, Mn 0:20, Mg 8°51, Ca 0-58 = 7:55, besides 0°8 loss by ignition. An 
analysis of the residue afforded Si 6036, Al 3-00, Pe 0°31, Mg 34-48, Oa 0-11, 
Na 1°26, K 09310095. He concludes that in each case the material is 
only a mechanical mixture and not a chemical compound. 

He next divided the powdered stone by elutriation into a lighter (A) 
and a heavier (B) part, and analyzed them separately, hoping thereby to 
prove a like, or different, composition for the two. His results are: 


A. B. 
Silica, - - - - - 58°74 57:12 
Alumina, - - - 6°16 2:13 
Sesquioxyd of iron and some Mn, 182 271 
Magnesia, - - - - 29°78 86-71 
Lime, - - - - 1:48 
Loss (alkalies), - + 1:80 


Rammelsberg concludes that the so-called chladnite is not a tri-silicate 
of magnesia, as made by Prof. C. U. Shepard in his analyses, but does not 
further educe the nature of the species. 

Dr. A. Kenngott, in his Uebersicht der Resultate Mineralogischer For- 
schungen for 1861, published in 1862, cites the above results, and shows, 
further, that the heavier portion consists mostly of enstatite, the rest in- 
cluding a little olivine, and, as he judges from the alumina found (2°13 
p. ¢.), a few per cent of lime-feldspar, or labradorite. The lighter portion 
he also makes to consist largely of enstatite, with a little oligoclase. 

[The difference between the chemical analyses by Rammelsberg and 
Smith appears to be owing to the fact that the latter, having a better 
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specimen for examination, separated the pure white chladnite from the 
mass of the meteorites, as he states in his paper. In consequence of 
this, Prof. Smith obtained in his carefully made analysis no alumina and 
no iron, but only the ingredients of a true enstatite, as he himself has 
announced.—s. D. p.| 

4. Crystals of Rhombohedral and Dimetric species often optically bi- 
azial—Brerrnavrt has published, in Poggendorff’s Annalen, cxxi, 326, 
a notice of the quartz of Euba (near Chemnitz in Saxony), which Prince 
Salm-Horstmar had found to be optically biaxial (Pogg. Ann., exx, 334), 
and in it claims to have first made this observation. It occurs in crys- 
tals and also massive. Its hardness is but 6 to 64, and its specific gravity 
2°578-2°632. He states that while the plates are distinctly biaxial, there 
are, as Mr. Jenzsch has shown, both left-handed and right-handed crys- 
tals. This quartz weathers with remarkable readiness, although, accord- 
ing to a chemical examination by Reich, it contains no impurity except 
about } per cent of oxyd of iron. It occurs in four narrow veins (1 in. 
to 2 ft. thick), associated with a feldspar which Breithaupt proposes to de- 
scribe under the name of paradoxite-—a mineral which he had hitherto 
found only in tin-veins, and which, even in the Euba veins, afforded some 
tin ore on pulverization and washing. These tin-bearing veins of Euba 
occur in the Permian red sandstone (Rothliegende). 

Breithaupt observes also that chalcophyllite, most apatite and calcite, 
mimetene, phenacite, dioptase, nepheline, zincite, greenockite, and other 
rhombohedral minerals, are optically more or Jess biaxial; and that the 
same biaxial condition characterizes most crystals under the dimetric sys- 
tem examined by him, as, for example, many of scheelite, wulfenite, cera- 
sine, idocrase (especially the manganesian idocrase of St. Marcel in Pied- 
mont), meivnite, zircon, mellite, etc., as well as those of apophyllite long 
since so made known by Brewster. 

He also states that a grossular garnet from Siberia is uniaxial along one 
tetragonal axis, and that the manganesian garnet, of high specific gravity, 
is optically isotropic. 

[These variations from the normal uniazial condition under the Dime- 
tric and Hexagonal systems, are like the variations from the normal 
which occur in all physical characters, and they have been to some extent 
before observed. The amount of variation, which is the point of greatest 
interest, is not mentioned by Breithaupt.—s. 

5. Geschichte der Mineralogie von 1650-1860 (History of Mineralogy 
from 1650 to 1860); by Fraxz von Kosei. 704 pp. 8vo, with 50 
woodcuts and 1 lithographic table. Munich, 1864: J. G. Cotta.—The 
science of Mineralogy could not have found a better historian among its 
living votaries than Prof. von Kobell. He is a man of profound learning 
—a scholar in every sense of the term (as well as a poet)—an original 
investigator—and a thorough mineralogist. His work is correspondingly 
philosophical and complete. He divides the period of the history ‘into 
three sections, the first including the century from 1650 to 1750, when 
the science existed only in its elements or first beginning; the second, 
the half century from 1750 to 1800, when it was taking shape, under 
the combined influences of the progressing sciences of chemistry and 
crystallography ; and the third, the remaining time, from 1800 to 1860. 
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Under each of these sections, the author takes up separately the physical, 
chemical, and taxonomic divisions of the science; and under the third, 
these divisions are further subdivided for separate treatment. The work 
closes with a history of mineral species, in which the time and author of 
original discovery, and many additional details, are given. 

6. Mineralogische Notizen; by Frieprich Hessenperc. No. 6 
(finfte Fortsetzung), 42 pp. 4to, with 3 plates. From the Transactions 
of the Senckenburg naturf. Gesellschaft at Frankfort, v, 233.—This con- 
tinuation of Hessenberg’s admirable crystallographic papers includes arti- 
cles on crystals of Hematite, Blende, Malachite, Cassiterite, Sphene, 
Linarite, and Chalcolite. 

7. Note on the volcanic peaks of Cotapaxri and Arequipa ; by J. D. 
Dawa.—In the sketch of the peak of Cotapaxi published by Humboldt, 
the slopes, as deduced from its profile or outline, are 52° on the right and 
50° on the left. Dela Beche copied this figure in his Geological Ob- 
server, with the inclination a little more reduced, viz: to 48° and 45°, 
In photographs of this voleano taken from near La Tacunga, by Camilius 
Farrand, the average angle on the right is 27° 15’, and the steepest 
29° 30’; while on the left, the slope is almost uniformly 30° 50’. In 
another view (see the following figure), from nearly the same direction, but 
taken from the base of the mountain, the greatest slope of the right out- 


line in the profile is 32° 50’, and that of the left 30° 10’, while the aver- 
age for the former is 20° 45’, and that for the latter 26° 45’. Thus the 
facts are, as the writer has long believed, very widely different from what 
would be inferred from the published sketches. On account of this belief, 
he hesitated much before inserting the copy of De la Beche’s figure in his 
Manual of Geology, (fig. 966, p. 686). Having issued that figure, he 
would now refer the reader to it in order that he may appreciate the con- 
trast between the true slope and its caricature. 

Arequipa, seen from the Carmen Alto, as shown by a photograph pub- 
lished at Lima by the “Sociedad Fotografica,” has a slope of 32° 50/ in 
its outline or profile on the right side, and 27° 45/ on the left side. The 
slopes of this voleanic peak are therefore very nearly the same with those of 
Cotapaxi. 

An angle of 45° in a volcanic cone (such as Humboldt gave in his 
views), could have been made only by ejections of cinders; while slopes 
below 34°, as are these here referred to, may be a result of ejections of 
tufa, or of alternations of cinders, tufa, and lava. 

8. The Dinotherium an Elephantine Marsupial.—In the department 
of the Haute-Garonne in France, a pelvis of a Dinotherium has been 
found. It is of immense size, being 18 metres (5 ft. 11 in. English) 
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from one crest to the other of the iliac bones, 1°3 metres (4 ft. 3 in,) in 
height from the inferior symphysis of the pubis to the extremity of the 
superior spine of the iliac bones, and it indicates that the animal exceeded 
in size the largest of ancient elephants. It resembles most the pelvis of 
the elephant, but is peculiar in several respects, and most remarkably in 
the existence of a cavity, somewhat triangular in form, alongside of the 
cotyloid cavity (between this and the inferior spine of the ilium), which 
is evidently an articulating cavity ; moreover, in the cavity on one side, a 
portion of the articulating bone was found; and, near the pelvis, another 
similar bone, much more perfect, was obtained, approximately triangular 
in shape like the cavity. These are, beyond question, marsupial bones. 
The writer states that this articulation of the marsupial bone with the 
ilium instead of with the pubis, is not surprising, considering the many 
other abnormal characteristics of the Dinotherium; and further that the 
dimensions of an abdominal pouch commencing at the pubis would have 
been hardly large enough for the young of a Dinotheriam. The Dino- 
therium was then a Marsupial, like the opossum and kangaroo, It must 
have lived upon the branches and leaves of trees, which the reversed 
tusks would enable it to bring within reach. The trenchant ridges and 
deep channels of the teeth show that the food was of a kind requiring 
powerful mastication, and therefore that above stated rather than the 
roots of plants. The size of the Dinotherium is further evidence on this 
point; for an elephant eats 150 to 200 kilograms (330 to 440 lbs.) of 
food per day; and so many pounds of roots would have soon exhausted 
the supply about the lakes they were supposed by Buckland to inhabit, 
Its tusks, besides subserving the purpose mentioned, must have been also 
their principal, if not only, means of defense. Being turned downward, 
they were especially adapted to strike with heavy blows the smaller ani- 
mals that would be likely to attack them. The writer also observes that 
while the neck of the huge animal was very short, the trunk must have 
been of great size, and that its use included, in all probability, the putting 
of the young into its abdominal pouch, as well as the feeding of itself.— 
From a letter from P. J. M. Sanna Solaro, of Toulouse, in Les Mondes, 
of Sept. 29. 

9. H.von Meyer's Paleontographia: Beitriige zur Naturgeschichte der 
Vorwelt ; edited by W. Dunker—has reached its 13th volume, parts one 
and two of which are just published. 


III. BOTANY AND ZOOLOGY, 


1, A new American station for Heather.—The Newfoundland habitat 
of Calluna having been confirmed (vide this Journal, [2], xxxviii, 122), we 
have now the pleasure to announce that Professor Lawson,—late of King’s 
College, Kingston, now of Dalhousie College, Halifax,—has had the good 
fortune to bring to light a new locality from the island of Cape Breton. 
The flowering specimen which Prof. Lawson sends us was collected, on 
the 30th of August last, “in a wet, springy place, among Spruce stumps, 
in peaty soil, overlying clay,on the farm of Mr. Robertson, St. Ann’s, 
Inverness Co., Cape Breton Island.” He states that “it has been known 
there for ten years, having been noticed by a Highlander when mowing 
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who immediately ran to his master, Mr. Robertson, exclaiming, ‘I have 
found heather” Full enquiry into the whole circumstances leads me to 
the belief that the Caliuna has not been planted at St. Ann’s, but is a 
genuine native. There is only a small patch of it, not much more than 
a yard across. .......- Its surroundings at St. Ann’s are most appro- 
priate. Both in scenery and vegetation there is striking resemblance to 
the Scotch Highlands. Geelic is the common language, and ail the gen- 
uine manners and customs of the Highlanders are there.” It is interest- 
ing to notice that the Heather appears to be even more restricted in this 
new station than in that at Tewksbury, Mass.—the indigenous character 
of which it helps to establish. We may now fairly infer that the Heather 
once flourished throughout our eastern borders, from Massachusetts to 
Newfoundland, but is verging to extinction, not being able to compete 
here with the rival claimants of the boggy soil. A. G. 

2. Icones Muscorum, or Figures and Descriptions of most of those 
Mosses peculiar to Eastern North America which have not been heretofore 
Jigured ; by Wiitiam 8. LL.D., ete. With 129 copper 
plates. Cambridge, Mass.: Sever & Francis. London: Tribner & Co, 
1864. Imp. 8vo.—We briefly announced this work in the September 
number of this Journal, in terms of unqualified admiration,—which were 
intended to apply as well to the scientific character of the volume as to 
the rare perfection of the typography and the plates. One hundred and 
thirty species are illustrated, a full plate (with one or two exceptions) and 
commonly two pages of Jetter-press being devoted to each. The detailed 
descriptions are in Latin, as also the explanation of the plates; the hab- 
itat and the general remarks are in English. The plates represent the 
Moss of the natural size, as magnified, and with an ample series of ex- 
quisite analyses ; for the most part there are as many as twenty figures 
to each plate. The drawings are placed to the credit of Mr. August 
Schrader, who has had a long training for such work under Mr, Sulli- 
vaut’s direction. They were engraved by Mr. Wm. Dougal, of Wash- 
ington, who executed the plates of the Musci of Wilkes’s Pacific Explor- 
ing Expedition. Probably upon no work of the kind has an equal 
amount of labor, knowledge, and expense been lavished. Only a small 
edition has been printed, and it is published at a price ($10 in gold) 
which, however considerable at present, will, it is understood, be very far 
from covering the cost. A. G. 

3. Species Filicum ; by Sir W. J. Hooker. Parts XV and XYI, 
completing the fourth volume, and parts XVI[ and XVIII, constituting 
the fifth and last volume.—The second half of the fourth volume and 
more than one hundred pages of the fifth, are devoted to the genus Poly- 
podium, which embraces as sections Phegopteris, Goniopteris, Cyrtomi- 
phlebium, Phlebodium, Goniophlebium, Craspedaria, Campyloneurum, 
Niphobolus, Phymatodes, Drynaria, Dipteris, and Dictyopteris, Of 
this great genus there are here described four hundred and nine species, 
those attributed to the United States being P. vulgare, incanum, Phegop- 
teris, hexagonopterum, Dryopteris, alpestre (Northwest America, Dr, 
Lyall), aureum, Culifornicum, and Scouleri (Oregon). This last species 
is the P. pachyphyllum, described in this Journal ([21, xxii, 138), and 
has been recently again described, and figured, under the name of P. car- 
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nosum, by Dr. Kellogg of San Francisco. No mention is made of the 
Californian P. falcatum Kellogg, an older name than P. Glycurrhiza Ea- 
ton, nor is the fact noted that besides P. aureum two other West In- 
dian forms, P. Plumula or P. pectinatum and P. Phyllitidis have been 
collected in Southern Florida. 

Following Polypodium (which as here arranged constitutes Suborder 
IX, Polypodiee) is Suborder X, Grammitidew, with eleven genera. 
Jamesonia, the first of them, is reduced to the original J. imbricata of 
the Andes. Nothochiena has twenty-seven species, of which five, WV. 
sinuata, ferruginea, candida, dealbata, and Fendleri, occur in the region 
extending from the Missouri river to Texas and Arizona. Monogramme 
with its section Pleurogramme includes ten species, none of them in the 
United States. Diclidopteris angustissima Brackenridge, is put into this 
genus under the name of M. Junghuhnii. Gymnogramme is extended 
so as to include several nominal genera, and not less than seventy-four 

zies, This genus is most widely known through the gold and silver 
ferns of the conservatories, G. su/phurea, calomelanos, etc. G. triangu- 
laris, one of the most golden of them all, is, very appropriately, a deni- 
zen of California. G. podophylla Hook., a new species, is doubtfully 
identified with Mr. Charles Wright’s No. 819 from New Mexico. Brainea, 
Meniscium, and Antrophyum, do not occur in the United States. Vit- 
taria lineata is found in Florida. Tenitis, Drymoglossum, and Hemio- 
nitis, all of few species, are the remaining genera of this Suborder. 

The highly diversified group constituting Suborder XI, Acrostichee, of 
which Fée has made nineteen genera, Moore seventeen, and even the 
careful Mettenius not less than six, is here condensed into two,—Acrosti- 
chum, of one hundred and sixty-seven species, aud Platycerium of five. 
One species, A. aureum, is found on the coast of Florida, and in similar 
places throughout the tropical world. Acrostichum is divided into fifteen 
sections, corresponding pretty well with the genera of other authors. 
There is no group of Ferns more difficult to arrange in genera or sec- 
tions than this; and the arrangement here adopted has the great merit 
of being intelligible and convenient. 

In an appendix is given the Cyatheaceous genus Matonia, before 
omitted. The fifth volume contains the usual index of species and an 
index of tribes, suborders and genera to the whole work, 

This great and useful work, which the venerable author commenced 
more than twenty years ago, is now happily concluded; but it will give 
pleasure to all students of Ferns to learn by a note at the end of the vol- 
ume that—far from claiming a well- earned leisure—he “is preparing, if 
life and health be spared him to accomplish, a volume, to be entitled 
‘Synopsis Firicum,’ with brief characters of the sections, genera, and 
species of Ferns (omitting all really dubious ones), with general habitats, 
and references, in every instance, for synonyms, more full localities and 
general information, figures, etc., to the pages of the present work; to 
which will be added all needful corrections and alterations, also the ad- 
ditional species (not a few) which have come into the author’s possession 
during the twenty years this present work has been in progress; and, 
lastly, including the Schize@acea, Osmundacee, Marattiacee, and Ophio- 
glossacee ; thus constituting a needful supplementary volume to the 
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‘Species Filicum,’ and in itself constituting a handbook, especially useful 
to travelling pteridologists, who would find it impracticable to carry 
about with them so voluminous a work as the present.” Such a volume 
is much needed, and we sincerely hope that he may be able to complete 
this important and spirited undertaking. D. C. E. 

4. On the Skeleton of the Gare-fowl (Alea impennis), and the proba- 
bility of its being an extinct species ; by Prof. Owex.—lIt is assumed that 
the extinction of a well-marked species of animal is a matter of very 
great rarity in the historical times, at least as compared with prehistoric 
geological periods ; but nothing is known of the rate at which species 
did become extinct during those periods. In the class of Birds there 
was good evidence of several species having become extinct within the 
last two centuries. Of these, Prof. Owen instanced the Dodo (Didus in- 
eptus), in the island of Mauritius; the Solitaire (Peyophaps), in the 
island of Rodriguez; several species of Dinornis and Palapteryx, with 
the Aptornis, in New Zealand; species of the nocturnal parrot, Nestor, 
in Philipp’s Island; the Great Awk, or Gare-fowl (Alca impennis), in 
the Northern Seas, and probably the gigantic Epyornis, in the island of 
Madagascar. The Apteryx appears to be verging toward extinction in 
New Zealand. It is of peculiar interest to zoology to secure evidence of 
those species which are passing or have passed away. Under that im- 
pression, Prof. Owen had communicatad his papers on the Dodo, Dinor- 
nis, Palapteryx, and Apteryx to the Z’ransactions of the Zoological Society, 
and this evening gave an account of the skeleton—the first that had 
reached him—of the Alca impennis. After a minute and detailed ac- 
count of the several bones, the author proceeded to compare their char- 
acters with those shown in the osteology of the awks, guillemots, pen- 
guins, and other birds, and showed that the resemblance of the gare-fowl 
to the penguin was merely that of adaptive relations of the wings as 
fins; and that, in every essential point, the great awk was more closely 
allied to the northern Aleade. The specimen which had afforded the 
materials for this paper was a mummified bird dug up from beneath four 
feet of deposit, in Penguin Island, off the coast of Newfoundland, such 
deposit, like the guano of the Peruvian islands, being valuable for its 
ammoniacal and nitrogenous principles, due to the excrement of many 
generations of the now extinct sea-birds that formerly bred on that island. 
A more complete survey of the coast of Greenland is requisite before the 
extinction of the Gare-fow] can be regarded as “ an accomplished fact.” — 
Proc. Zool. Soc., in the Atheneum, July 9. 

5. Synopsis of the Bombycide of the United States ; by A. 8S. Pacx- 
arp, Jr.—Part I. From the Proceedings of the Entomological Society 
of Philadelphia, June, 1864. pp. from 97 to 130.—This paper is a 
commencement of a “synonymical list” of the Bombycidz, with ex- 
tended notes. The part here issued takes up the Lithosiide and Arctiadex. 

6. Review of American Birds, etc.; by Prof. Spencer F. Barrp.— 
Sheets 4, 5, 6, containing pages 49 to 96 of this important work, an- 
nounced at page 303, have reached us. These finish the Turdida, and 
take up, in order, the Cinclide, Sazicolide, Sylviide, Paride, Certhi- 
ade and Troglodytide. 

7. Cryptochiton Stelleri—The Chiton described at page 185 of this 
volume, by Dr. Prescott, is the Cryptochiton Stelleri of Middendorf. 
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IV, ASTRONOMY. 


1. Discovery of another minor Planet, Sappho, (%).—Mr. Pogson, of the 
Observatory at Madras, announces the diseovery by him of another small 
planet, on the 3d of May last. Its light was that of a star of the 
10th-11th magnitude. Its position May 3d, 13" 44™ 1158 Madras mean 
time, was, « = 165 12™ 35-41; d= 16° 47'10'"8. He has given to it 
the name Sappho. 

2. Comet II, 1864. A very faint telescopic comet was discovered in 
Coma Berenices, on the 23d of July, by Donati at Florence. It had a 
small star-light nucleus. In a few days it was lost in the sun’s light. 

Mr. Kriiger, of Bonn, gives the following elements, computed from 
the observations of July 28th, July 31st, and Aug. 2d. 


Perihelion passage 1864, Oct. 11°088, mean Berlin time. 


82 = 31 59 12 
‘= 70 23 
logqg = 996400, motion retrograde. 


3. Tempel’s Comet.—This comet was observed at Charleston, S, C., on 
the 5th of August, by Acting Master Tillinghast, of the U.S. iron-clad 
Catskill, at which time the head was very brilliant, and a tail, upward 
of 30° in length, was visible to the naked eye. On the evening of the 
9th, a larye nebulous object—the same comet—was observed by H. P. 
Tuttle, of the same vessel, near § Virginis; as seen with a telescope, it 
had a bright nucleus and a very faint tail. On the two following even- 
ings it was also visible; it had moved rapidly to the eastward and 
southward.— Communication from H. P. Tuttle, dated August 19, U.S. 
Iron-clad Catskill, off Charleston, 8. C. 

4. Shooting stars on the night of Aug. 9-10th, 1864.—At several 
places arrangements were made to watch for the annual return of the 
August meteors. But throughout New England and the Middle States 
the air was so smoky that, on the night of the 9th, but a few of the fixed 
stars near the zenith were visible. 

At New Haven the sky was almost covered until half past eleven, 
when the clouds became so thin that Polaris was just visible. This star 
could be seen during the next three hours, and for a part of the time 
stars of the fourth magnitude might be seen in the zenith. Mr. C.‘G. 
Rockwood assisted me. Together we saw 44 meteors during these three 
hours, after which the clouds became too thick for us to observe. 

At Belvidere, N.J., Rev. H. S. Osborn and Mr. G. H. Coursen saw be- 
tween 10% 20™ and one o’clock, 29 flights. There was the same smoky 
sky as in New Haven. q 

At Philadelphia, Mr. B. V. Marsh and Mr. R. M. Gummere saw through 
the haze 13, between 105 40™ and 12, of which 12 were conformable. 

In Chicago, Mr. F. Bradley had much better success. He with Mr. 
Wn. Dickinson and Mr. Theodore M. Slauson watched from halt past 
ten, Aug. 9th, until half past three, Aug. 10th. They were at first assisted 
by a fourth person. The night was very favorable, except that there was 
a cloud in the N.W. for a short time. The following is the result of their 
count before one o’clock. 


| 
| 
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10¢h—11h, 11h—12h. 12h—1h. 
North, - - 13 38 60 
East, - - - 9 38 31 
South, - - 7 33 54 
West, - - - 12 30 7 
41 139 152 


Soon after midnight one observer ceased to watch. The following 
numbers were seen during the next two and a half hours by the other 
three, making in all 1026 shooting stars. 


Ih—2h, 2h—3h. 3h—3$h. 
North and West, 92 112 40 
East and South, 75 80 13 
South and West, 93 130 59 
260 322 112 


The small number seen by one observer during the last half hour was 
probably due to his fatigue and sleepiness, There seemed to be a large 
number of unusually fine meteors, apparently a larger proportion than 
usual, Only a small proportion of the whole were unconformable. 

On the night of the 6th, during an hour and a half, ending near mid- 
night, Mr. Bradley counted thirty, between one-half and two-thirds of 
which were conformable. 

At Lawrence, in Kansas, Mr. Wm. H. R. Lykins counted between the 
setting of the moon (about half past ten) and one o’clock, over 300 me- 
teors. The sky was beautifully clear and cloudless. 

Mr. George Scarborough, in a letter from Riverside, Kansas, to the 
Atchison Free Press, states that on the same night from 10% to 1044, he 
counted sixteen meteors ; from 104" to 114, seventeen; the next half hour, 
from 12 to 124 (sic), twenty-five were noted. At one o'clock, not being 
very well, he retired, bnt arose at three o’clock, and during one hour 
counted fifty. The nights of the 10th and 11th were unfavorable, but 
between 35 and 45 a.m., Aug. 13th, he counted but siz meteors, though. 
the sky was clear. 

Mr. H. P. Tuttle, on board the Catskill off Charleston, reports that he 
sat up to watch from 9" p,m. to 44 a. m., and saw only seventeen (?) dur- 
ing that time. The sky was remarkably clear. H. A. N. 

4. Report on Luminous Meteors ; by Mr. J. Guaisner.—The Report 
contained numerous observations of fireballs, or the largest class of me- 
teors, contributed for the Catalogue presented. The largest fireball de- 
scribed was seen on the 5th of December, 1863, which produced the 
vivid impression of lightning over the whole of the British Isles. Fire- 
balls described in Paris are greatly underrated, for meteors of the largest 
class are there rated as only six times brighter than Venus. Two small 
fireballs were seen in a short space of time on the 21st of January, and 
two of the largest size on the 4th of July, 1864. Two fireballs closely 
followed the observation of a large meteor at Athens by Dr. Schmidt, on 
the 19th of October, 1863; one in England, and the second on the coast 
of Spain. This preference of individual dates is now well known, and 
receives the attention of the Committee. Like the fireball of 1788, the 

Am. Jour. Sc1.—Seconb Serigs, XX XVIII, No. 114.—Nov., 1864. 
55 


434 Scientific Intelligence. 


meteor was composed of large and smaller globes, recalling the showers 
of stones at L’Aigle and Stranraer. The mechanical theory of the heat, 
roughly estimated from the light of twenty shooting stars, doubly ob- 
served in August, 1863, proved the average weight of these to have been 
little more than two ounces. A similar estimate of the largest fireball of 
the present Catalogue would furnish very nearly a hundred weight of ma- 
terial substance. Dr. Haidinger supposes that non-productive fireballs 
and shooting stars are loosely compacted in their substance, and thus 
accounts for their want of penetrating power. Prof. Newton and Mr. 
Herschel have concluded independently, that shooting stars commence at 
seventy miles and disappear at fifty miles above the surface of the earth.’ 
At sixty miles above tlie earth, shooting stars are far more frequent than 
at any other altitude, and they are considerably more between forty and 
eighty miles above the earth than in all other elevations put together. 
The region from forty to eighty miles above the earth is the “stable at- 
mosphere” of Mr. Quetelet, as determined by the heights of shooting 
stars. It cannot, on the received law of decrease of density, comprise 
more than zggoath part by weight of the total shell of the atmosphere ; 
yet the 9999 parts of the remaining atmosphere are very seldom mo- 
Jested by their presence. It appears necessary on this account to re- 
trench very greatly the weights of unproductive fireballs and shooting 
stars. Examples in the present Catalogue of suddenly collapsing and re- 
kindling meteors appear to favor an hypothesis that chemical affinities, 
unknown at ordinary temperatures, produce in similar meteors a consid- 
erable portion of their unaccountable excess of light and heat. Ten me- 
teors have been estimated in the past year by referring their apparent 
courses to the stars. The average heights and velocities of these are :— 
Height at first appearance, 103 miles; at disappearance, 68 miles; length 
of path, 79 miles; velocity, 49 miles per second. Frequent observations 
of the radiant points of shooting-stars are recorded in the present Cata- 
Jogue. These have been observed on the 10th of August, the 30th of 
November, and the 6th of December, 1863, the 2d of January, the 10th 
and the 20th of April, and the 10th of August, 1864, by referring the 
meteors to twelve perspective charts representing the whole circuit of the 
constellations as they appear at intervals of two hours above the vapors 
of the horizon in the latitude of Greenwich. The longest paths on these 
maps can be traced correctly with an ordinary rule; and by their pro- 
longation the intersection of their lines determines the radiant point in 
showers, such as those of the 10th of August, 1863, and the 2d of Jan- 
uary and the 10th of April, 1864. Even solitary observations thus re- 
corded, slowly accumulating from year to year, appeal more correctly to 
the eye by this means than a meteoric shower observed without the aid 
of maps; while the radiant points observed in the past year, it was be- 
lieved, would have escaped attention had not maps been specially pro- 
vided in advance. The observations of meteors on the 9th and 10th of 
August, 1864, indicate a display, ranking very nearly with the general 
average of the phenomena, which, in the clear sky and absence of the 
moon, amounts to between thirty and forty per hour for a single observer 


1 Prof. Newton informs us that he has not arrived at the conclusion here stated. 
See page 135 of this volume.—Ebs. Am. J. Sui. 
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constantly regarding the sky near the zenith. In numbers there was not 
half, and in brilliancy not more than a small fraction, of the display of 
the previous year. It was less striking on the 10th than on the 9th of 
August, consistently with the ordinary conditions of leap-year. If any 
indication of periodicity can yet be traced in the fluctuations of this 
phenomenon, it is perhaps a minimum, at intervals of eight years, which 
has thrice occurred; and last in 1862. In the Appendices to the Cata- 
logue, notices of aérolitic falls have been collected, as well as abstracts of 
several recent papers on meteoric subiects. Prof. H. A. Newton bas con- 
structed the elements of the November meteoric ring solely from histor- 
ical data, in such a manner as to leave very little for further observations 
to supply. The orbit is almost circular, retrograde, and inclined 17° to 
the ecliptic; with a precession of 52'°60 from a fixed equinox nearly 
equal to that of the equator, but in an opposite direction. The meteoric 
cloud extends over one-tenth or one-fifteenth of the periphery of this 
ring, and the velocity with which particles of this cloud arrive on the at- 
mosphere of the earth is 20°17 miles per second, allowing for the attrac- 
tion by the earth. The velocity of their passage through the air is 38-7 
miles, or nearly forty miles per second. The question of the radiant 
points of shooting stars has chiefly engaged the attention of the Com- 
mittee during the past year. It is remarkable that a radiant point, 
which is the vanishing-point of straight lines seen in perspective, should 
not have been associated with the meteors of the 10th of April until the 
compiling of the present Report, for this date has long since been no- 
ticed by Baumhauer, in 1845, and again more recently by Wolf, while 
astronomers have been aware for more than thirty years that periodical 
meteors take their direction from definite vanishing-points among the 
stars. The number of such radiant points which remain yet to be dis- 
covered appears to be strictly measurable by the zeal of observers ; never- 
theless, Mr. Greg has been rewarded with very unexpected results, indi- 
eating, at present, between twenty and thirty radiant points as giving rise 
to the great majority of shooting stars observed throughout the year. 
The long-continued observations of Prof. Heis, of Miinster, corroborate 
the results of Mr. Greg, and they are now receiving extensions at the 
hands of Dr. Schmidt, of Athens. As this inquiry, pursued without the 
use of maps specially provided for the purpose, is very nearly hopeless, 
and indeed more likely to be pernicious than profitable to the interest of 
meteoric astronomy, the Committee earnestly desire that a grant of £40 
may be sanctioned for the purpose of lithographing the twelve charts 
now submitted and for printing copies for a selected number of competent 
observers.—Proc, Brit. Assoc., from the Atheneum, Sept. 24, 1864. 

6. On the possible Connexion between the Ellipticity of Mars, and the 
general Appearance of its Surface; by Prof. Uenxessy.—The physical 
characters of Mars have attracted considerable notice, on account of the 
supposed resemblance of that planet to our earth, and at the same time 
one of the most prominent of these characters presents a striking con- 
trast with its terrestrial counterpart, namely, its ellipticity, which 1s esti- 
mated by mosi astronomers at a higher value than mechanical theory 
would assign, if the planet had been originally in a fluid state. In ac- 
cordance with hydrostatical laws, a planet similar to Mars, and rotatory 
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around its axis in the same period of time, should have an ellipticity very 
nearly approaching to that of our earth. Two observers of great emi- 
nence, Bessel and Johnson, seemed to have arrived at a similar conclu- 
sion. The observations made by the former were fully discussed by 
Mr. Oudemanns in the Astronomische Nachrichten, No. 838, p.352. After 
combining the results of different observed diameters with various angles 
of position, by the method of least squares, Oudemanns came to the con- 
clusion that the observations gave varied and uncertain values for the di- 
ameters; and therefore that it was permissible to regard the planet as 
approximately spherical. Johnson, in the Radcliffe Observations for 1850 
and 1853, discussed the results of measurements made with the helio- 
meter, and arrived at substantially the same result. Although the late 
Mr. Arago referred to some of the author’s views regarding terrestrial 
physics, as probably affording explanation for the anomaly of the large 
ellipticity which he assigned to Mars, in his posthumous publication on 
the structure of the planet, the author had heard the same eminent per- 
son express views almost identical with those flowing from the observa- 
tions of Bessel and Johnson. At the same time, the simplification which 
the author endeavored to introduce into the theory of the Earth’s figure, 
will not, if applied to that of Mars, suffice to account for the usually re- 
ceived high ellipticity of that body. Abstaining, for the present, from 
any attempt at an explanation of this peculiarity, let us endeavor to trace 
out its consequences with reference to the configuration of that planet. 
It seems to be generally admitted that there is, in the neighborhood of 
one of the poles of Mars, a great mass of brilliant matter, analogous to 
a mass of terrestrial snow. This very substance is even supposed, with 
great probability, to seriously interfere with the accuracy of telescopic 
observations, owing to the optical disturbances arising from the irradia- 
tion of such an extremely bright object. It is also manifest that if this 
substance should be snow, the varying seasons of the planet would cause 
its dimensions to vary, and thus the power of the disturbing influence, 
These circumstances show that great caution should be used in accepting 
any results which are liable to be affected by the presence of this snowy 
patch, and they also necessarily imply the existence of a fluid like water 
in that part of the surface of Mars wherever the temperature is above the 
freezing point of the fluid. If this should be so, the generally assumed 
large ellipticity of Mars should be followed by another result. Several 

ears ago, when controverting and disproving an erroneous theory of the 
Earth’s figure, put forward by Playfair, and which has since acquired 
some importance by being reproduced by Sir John Herschel, in support 
of his general views, and appealed to by Sir Charles Lyell, the author 
obtained mathematical expressions for the equilibrium of a fluid like 
water spread over an exterior abraded spheroid such as this theory as- 
sumed the Earth to be. It follows from these expressions that if the 
Earth possessed a very small ellipticity, or were spherical, it would con- 
sist of two great circumpolar continents, with an intermediate belt of 
equatorial ocean. I have assigned the dimensions of these continents, 
supposing the ocean to have its present volume. It also immediately 
follows that if the Earth had a very great ellipticity, such, for example, 
as that so frequently assumed for Mars, the reverse would take place, and 
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the dry land would form an equatorial belt, while the poles would be 
enveloped in water. The dimensions of these circumpolar oceans, with 
the assumed ellipticity of Mars, could be also assigned, and they should 
exist on its surface, unless there should be great irregularities in the density 
of the matter composing the planet. The mechanical theory on which 
these conclusions are based is simple, and therefore the attention of ob- 
servers may be directed to the inquiry as to whether, compared with our 
Earth, a greater predominance of dry land exists at the equatorial parts 
of Mars compared to its polar regions. If the author might venture to 
draw any conclusion from the results hitherto observed, and especially 
from the drawings appended to Mr. Lockyer’s paper, in the Memoirs of 
the Astronomical Society, he would say that no such predominance of 
equatorial land exists on the surface of Mars, and therefore if its appear- 
ances are partly due to the presence of a liquid on its surface, we must 
conclude that its ellipticity has been generally exaggerated, and that the 
results of Bessel and Johnson’s observations are, upon the whole, nearer 
to the truth than those of other observers.—Proc. Brit. Assoc., from the 
Atheneum, Sept. 24, 1864. 


V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE, 


1. Discovery of Lake-habitations in Bavaria ; by Prof. Drsor.—The 
following account of the discovery of ancient lake-habitations in Bavaria, 
is from the Journal de Genéve of June 9th and July 6th. Prof. Desor 
writes as follows, under the date of June 14th: 

“You are aware that for many years it has been my intention to ex- 
plore the lakes of Bavaria. In spite of the fruitless efforts made in many 
of these lakes, I could not believe that the lacustrine population had 
been arrested at Lake Constance, and that the lakes of the Bavarian 
plain, although so advantageously situated, had remained unknown to 
these primitive people. I have availed myself of some weeks of vacation 
to accept an invitation from my friend Prof. Liebig, to visit that region. 
The morning after our arrival, after having discussed the advantages of 
different lakes in the neighborhood of Munich, I dispatched Benz, our 
fisherman, to lake Wurm or Starnberg, to make a preliminary examin- 
ation. I joined him the next day, with Prof. v. Siebold, the celebrated 
zoologist. Prof. Liebig was, to his great regret, unable to accom- 
pany us. We began our explorations on the right bank of the lake; 
this offered us only some Roman remains of little importance. We 
reached a little island situated on the left bank, in face of the new sum- 
mer palace of King Max, now in process of erection. Here seemed to 
be a place where we might reasonably expect to find the remains of 
those ancient structures, if any had ever existed about the lake; and in 
fact we had not made the tour of the island before we discovered many 
heads of piles; the first were not very distinct, yet they were not to be 
mistaken. Soon we found others, better defined, cut off close at the 
bottom, as in our stone stations at Hauterive and Auvernier. Some, of 
fir, were so distinct that we could count through the water, here three 
feet deep, the rings of growth of the trunk. The wearing of the piles 
at this place is to be attributed to the action of ice. Prof. v. Siebold was 
delighted at the sight of these foundations, counting back thousands of 
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years; for every thing indicated that here, as at Lake Constance, we had 
come upon the age of stone. What is most remarkable is that these 
piles, which are almost a foot in diameter, frequently with a projection 
at the top, have the appearance of being continued in a line into the 
island, exactly as we had observed the year before at Isoletta, on Lake 
Varese; so that it is very probable that the island of Starnberg, which 
bears the name of Isle of Roses (Roseninsel), from the beautiful roses 
which are cultivated there, is (like that of Lake Varése, and that of the 
little Lake of Inkwy)) an artificial island. 

But piles alone did not satisfy us. Remains more characteristic must 
be found if we would demonstrate that there existed here, as in Switzer- 
land, constructions made and inhabited by men, not by beavers. Benz 
was not long in discovering fragments of pottery. These included, as in 
Switzerland, vases of a black color, imperfectly burned, fashioned with 
the hand, but yet rudely ornamented near the edge, sometimes with a 
groove, sometimes with impressions made by the fingers, or with a ring 
of impressions made by both the fore finger and thumb applied to the 
neck of the vase. 

Prof. von Siebold, our zoologist, looked earnestly for bones among the 
piles; and in less than two hours, we had found remains of the horse, 
the stag, the ox, the wild boar, and the wolf. That which was not least 
significant was that the greater part of the bones, especially of the long 
bones, had been broken, another proof that they had been accumulated 
by the lake-dwellers, who, as we know, were in the habit of breaking the 
bones of animals to extract the marrow. 

You will understand, after an expedition so successful, how eager we 
were to return to Munich and make known our discoveries to our friends. 
It is the great news of the day; Bavaria has its lake-habitations. Now 
that the impulse has been given, all will press to the work. Prof. von 
Siebold starts to-morrow morning with Benz for the lake of Chiem, Or- 
ders have already been given to drag around the island of Roses, and I 
do not doubt that, below the superficial layer of mud, hatchets and 
knives of flint will be discovered. Next we must examine the Austrian 
lakes, for I am convinced that they too are not wanting in piles.” 

[The editor of the Journal de Genéve of July 6th, adds the following 
account of later explorations. | 

“ We complete, from information received from Professor Desor, what 
we have already published on the discoveries of lacustrine antiquities in 
Bavaria. The commission appointed by order of the King, and which 
includes, among its most active members, Profs. v. Siebold and Moritz 
Wagner, has already obtained interesting results. Already the number 
of stations examined by them, with the assistance of Mr. Desor’s fisher- 
man, amounts to eight, distributed among six lakes; two in lake Starn- 
berg, one in lake Chiem, two in lake Schlier, one in lake Seeon, one in 
Jake Ammer, and yet one more in another little lake. At lake Chiem, 
as well as at lakes Schlier and Seeon, the lacustrine vestiges are found 
concentrated around the islands; and what is most remarkable, the island 
in lake Seeon appears to be artificial, like the island of Roses in lake 
Starnberg; so that a fact which, at the commencement of lacustrine 
studies, seemed so strange as to put it in doubt, is now decidedly estab- 
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The greater part of these points have not yet been explored in detail, 
and consequently up to this time have furnished only the more common 
and abundant objects, particularly bones broken to extract the marrow, 
and fragments of pottery. From their general character, they would be 
referred to the age of stone; but, before deciaing positively, it is import- 
ant to wait the result of more careful investigations. Already, since the 
first examination, the piles of the island of Roses have furnished some 
objects in bronze, especially a hair-pin of large size, and quite similar to 
those of the Swiss lakes. As that island contains also Roman remains, 
and others belonging to the early centuries of the Christian era, it affords 
an example of a continuous occupation, such as has been observed in 
many of the Swiss lakes, particularly at Steinberg, on Lake Bienne, near 
Nidau. It is evident that some of these points have never been without 
inhabitants since the age of stone. . 

A considerable number of ancient relics were found about a quarter of 
a century since, at the laying of the foundations of the little chateau on 
the Island of Roses. These objects were carried to Munich, where they 
figured for a long time in the collection of antiquities. Later, by order 
of the king, they were transferred to the chateau on the Isle of Roses, 
where Prof. Desor with some difficulty obtained permission to examine 
them. They were found collected together in a glass case, in the king’s 
cabinet. The Roman and French objects are correctly labeled, while the 
fragments of lake pottery are designated as objects of great antiquity, 
anterior to the invention of wheel pottery, and consequently before the 
Romans. 

Since the discovery by Prof. Desor of a lake station on the Island of 
Roses, it has been noticed that the rampart which surrounds the island 
and which has been constructed of materials taken from the beach of the 
island, includes many fragments of the same lacustrine pottery, which 
have passed unheeded till now—another proof that in order to see, one 
must look with experienced eyes. Now that the way has been opened, 
we do not doubt that the lakes of Bavaria will prove as rich a mine as 
those of Switzerland.” 

Lake-habitations have been since found at O]mutz, in Austria, of the 
most ancient kind; and at the southern end of Lake Garda there are 
others abounding in curious bronzes. 

2. On Spontaneous Generation and semi-organized bodies ; by E. Fremy. 
—At the meeting of the Academy of Sciences of France on the 27th of 
June last, Mr. Fremy presented the following note on Spontaneous Gen- 
eration : 

“My name having been often cited in connection with the subject of 
spontaneous generation, I believe it my duty to give a precise statement 
of opinions which I have always presented, on this important question, in 
my lectures, and in my works treating of fermentation. 

I need hardly say here that I repel without hesitation the idea of 
spontaneous generation, if it be applied to the production of an organized 
being, even the most simple, from elements not possessed of the vital force. 
Chemical synthesis enables us, beyond doubt, to reproduce a large number 
of proximate principles of vegetable and animal origin; but organiza- 
tion, in my view, puts an impassable barrier to these synthetic repro- 
ductions. 
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Alongside of the definite proximate principles which synthesis can 
form, such as glucose, oxalic acid and urea, there exist other substances 
much less stable, and at the same time of much more complex constitu- 
tion. They contain all the elements of the organs of organized beings; 
we find in them carbon, hydrogen, oxygen, nitrogen, even phosphorus 
and sulphur, and often lime and alkalies. These substances are albumen, 
fibrine, osseine, the vitelline substances, etc. It is not possible, as I think, 
to regard them as organic proximate principles; I designate them by the 
general name of semi-organized bodies. 

They are in something of the same state in relation to organization, 
the formation of tissues, the production of ferments and putrefaction, as 
a dry seed which continues on for years without presenting the phe- 
nomena of vegetation, and which germinates when submitted to the in- 
fluences of the atmosphere, moisture and heat. 

These semi-organized bodies, which contain all the elements of the or- 
gans, can, like a dry seed, remain for a long time in a state of organic 
immobility ; but they may also pass out of this state and afford, at the 
expense of their own substance, all the elements of organization when 
the circumstances become favorable for organic development. 

I will not undertake to state at this time all the conditions which may 
cause the semi-organized bodies to participate in the actual phenomena 
of organization; I mention only the one which, in my view, is the most 
important: that of organic impulse (entrainement organique). 

It is well known in chemistry with what readiness a substance under- 
oing alteration can draw another into a similar condition of things 
peut en entrainer un autre). It is thus in nitrification; different phe- 

nomena of oxydation determine and force along the oxydation of the am- 
monia, azotized substances, and even that of azote, as Chevreul has re- 
cently demonstrated. 

The semi-organized bodies may feel the vital impulse, and thus become 
involved in the process of organization by living beings under whose in- 
fluence they may be; they then form membranes, tissues, ferments; they 
can then organize themselves and decompose themselves ; in a word they 
will be themselves living. 

It is thus that I understand the part played by albuminous substances 
in the phenomena of organic development and decomposition. 

I do not consider them as simply supplying food to animals or plants, 
and as only in this way a means of fermentation; I attribute to them a 
direct agency, and I admit that, under the influences which I have men- 
tioned above, they may take or experience actual and complete organ- 
ization. 

If the ideas here submitted are accepted, they will explain, on one 
side, the part which organic beings take, incontestibly, in the phenomena 
of fermentation and disorganization, and on the other, the constitutive 
part, equally evident, in my opinion, of the albuminous media in which 
fermentation, moulds and infusoria are developed. 

I content myself at this time with an announcement of these first 
principles. In another communication I will take up the question 
whether or not the semi organized bodies can present the phenomena of 
orgauization under other influences than that of organic beings.—L’Jn- 
stitut, June 29, 1864. 
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3. Charcoal having the solidity and texture of mineral coal formed 
under pressure.—We have received from Mr. Robert Safely, of Cohoes, 
N. Y., an account of the conversion of a portion of the wooden step of 
a turbine water-wheel into a very compact coal resembling closely in 
texture and appearance ordinary mineral coal, along with a specimen of 
the coal. The step was of oak, and about 10 inches through ; and when 
taken out, the whole surface was covered with a layer of coal. The 
charring was a consequence of the water pipe which lubricated it becom- 
ing clogged with dirt. Mr. Safely states further that the fall of water 
to which the wood was subjected when it was converted into coal, was 
exactly 25 feet; and as the diameter of the wheel is 5 feet 7 inches, the 
pressure on the wheel would be measured by a column 5 ft. 7 in. in di- 
ameter and 25 ft. high, less what is due to the water striking the bucket 
at a small angle to the plane of the wheel, The gearing, wheel, shaft, 
etc. weigh about 3 tons, which would give for the pressure upon the step, 
if the whole weight of the water was reckoned, about 20 tons. 

The facts exemplify the formation of coal under pressure, combined 
with moisture and a moderate heat, and with very slow motion. 

4. On the field of Vision in Man; by F. Foucov.—Mr. Foucou gives 
the following results of his measurements of the amplitude of the field 
of vision in the case of two persons, Mr. Leboucher and Mr. Puchot. 


Mr. Lesovcuer. Mr. Pucnor. 

Right eye. Left eye. Right eye. Left eye. 
Superior limit of the field, 63° 12’ 63° 14’ 52° 48’ 54° 
Inferior limit “ 74° 57! 74° 41’ 76° 46’ 74° 
Internal limit “ 60° 5’ 67° 25’ 59° 54’ 64° 
External limit 101° 23’ 97° 03’ 107° 52’ 99° 
Horizontal diameter of field, 138° 9/ 137° 58’ 129° 34’ 128° 
Vertical ” “ 161° 28/ 164° 28° 167° 46’ 163° 


The following conclusions are stated : 

That in the same individuals, the field of vision has approximately 
the same breadth in the two eyes along the same diameter, while the 
horizontal and vertical diameters in the same eye differ widely. 

That in both eyes, in the case of both persons examined, the angle for 
the outer limit of visibility is greater than a right angle, so that a ray of 
light making an obtuse angle with the axis of the eye can nevertheless 
pass by the pupil, traverse the crystalline and vitreous humor, and pro- 
duce an image on the retina. 

That the angular limits of vision are not the same in different persons ; 
this difference for the superior limit of visibility amounts to 10° at least, 
but is almost nothing for the inferior limit; for the outer limit it may be 
6°; for the inner but slight. 

Adding the angle for the external limit of vision of the left eye to that 
for the external of the right, it gives about 200° for the total breadth of 
the field for the two eyes.—Les Mondes, Aug. 18, 1864, p. 733. 

5. Petrifaction of Animal Substances.—About twenty-five years ago 
the scientific world was surprised by an announcement of the fact that 
a Venetian, named Girolama Segato, had discovered a means of reducing 
dead bodies to a state of hardness closely approaching to that of stone, 
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except at the joints, where he had succeeded in maintaining a certain 
degree of pliancy. The results obtained by Mr. Segato in this direction 
were altogether wonderful, and many strangers used to visit his collection 
at Florence, where he had settled. Nevertheless he was not encouraged, 
first, on account of his political principles, and, secondly, because the 
clerical party, which was then all powerful, got up a cry of impiety 
against him. His secret found no purchasers, and he died in consequence 
of a complaint which he had contracted in visiting some of the wildest 
arts of Africa. A short time after his death, the late Abbé Francesco 
Baldacconi, director of the Museum of Natural History at Sienna, ob- 
tained certain results which led to very strong hopes that Segato’s secret 
might be re-discovered. Mr. Baldacconi’s process consisted in steeping 
the anatomical specimen for several weeks in a solution of equal parts of 
corrosive sublimate and salammoniac, a mixturg which by the earlier 
chemists was called sal alembroth; and in 1844 a liver thus prepared 
was sent over by him to the Academy of Sciences here. This specimen 
had acquired the consistency of steatite, or of serpentine, and was per- 
fectly incorruptible. The Italian papers now state that a Sardinian nat- 
uralist, Professor Marini, has re-discovered Segato’s secret. His process 
is also kept a secret, but from the description it appears that he obtains 
still more remarkable results than his predecessor. He has constructed 
a small table entirely composed of petrified animal substances, viz: brain, 
blood and gall, and having quite the appearance and consistency of bree- 
cia. His preparations are incorruptible, they preserve their natural color, 
and will resume their original state on being immersed in water for some 
time. Professor Marini intends to exhibit his preparations in Paris. 

6. Manna-lichen of Pallas—A recent fall of the Manna-lichen, 
(Lichen esculenta of Pallas, Parmelia esculenta of Sprengel,) has been 
made known by Dr. Haidinger. of Vienna, (The Reader, Aug. 6). It fell 
at Charput, northwest of Diarbekir, in Asia Minor, during a gust of rain, 
and a portion was sent to Vienna on the 6th of July by Baron Prokesch- 
Osten, the Austrian Internuncio at Constantinople. Pallas long since 
observed this manna in the steppes of the Kirghis; and these falls are 
now known to extend far to the west, crossing the Caspian Sea to Van, 
Diarbekir, Malatia and Ienischehir. A considerable fal! occurred in Oroo- 
miah, to the southwest of the Caspian, in 1829. It is common a'so in 
Northern Africa over Sahara. The manna is ground to flour and made 
into bread. Mr. J. Hogg suggests, in The Reader of Aug. 13, that the 
wind probably takes up and carries along the minute seeds of this lichen 
from the southeast or northeast, which, falling with the rain, quickly 
vegetate. 

Mr. Hogg refers to an article of his on this manna and the manna of 
the Israelites, in vol. iii, pp. 183-236, of the Transactions of the Royal 
Society of Literdture. 1B. Seemann, in the same Journal, observes that 
the manna of the Scriptures has been regarded, and with better reason, 
the substance called manna which exudes from the Tamarix Gallica var. 
Mannifera, after its bark has been punctured by an insect (the Coccus 
manniparus of Ehrenberg); and he observes that a recent communica- 
tion for the Journal of Botany, from Dr. Landerer, of Athens, supplies 
additional evidence in favor of this opinion. He argues that the wind 
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and rain required to supply the lichen could hardly have been a daily oc- 
currence during the sojourn of the Israelites in the wilderness. 

7. On an ancient Factory of Flint Implements ; by Abbé C. Cueva- 
LiER.—Doetor Léveillé, a physician at Grand Pressigny (Department of 
Indre-et-Loire in France), has recently discovered near that village, upon 
the lands of Claisiére and of the Doucetterie, an ancient manufacturing 
place of flint implements, exceeding in importance and interest any thing 
of the kind before known. Vast quantities of chips of siliceous stones, 
of arrow-heads, hatchets, knives 15 to 20 centimetres long, of lance- 
heads, &e. have been obtained from it. Cut stones (noyauz taillés) of 
prismatic shape and about 20 centimetres long, are especially abundant; 
they occur by thousands over an extent of 5 or 6 hectars. The collec- 
tions from Abbeville and various caverns, which have excited so much 
attention, are nothing compared with the accumulations at the workshop 
of Pressigny. Only a few polished objects have been met with. Dr. 
Léveillé has found, however, a hatchet polisher. It is a block of sand- 
stone, 40 to 50 centimetres long and 25 to 30 broad, marked throughout 
with furrows, angular in section, in which the hatchets were polished by 
friction, after they had been rudely shaped by hammering. It is cer- 
tainly one of the most curious of the implements of this primitive branch 
of industry.— Acad. des Sci. Paris, from Les Mondes, Aug. 25, 1864, 

. 770. 
r 8. Discovery of Fossil Stone Implements in India.—At a recent meet- 
ing of the Royal Asiatic Society of Bengal, Professor Oldham exhibited 
a small collection of stone implements which had very recently been dis- 
covered by Messrs. King and Foote, of the Geological Survey of India, 
near Madras. These were all of the ruder forms, so well known as char- 
acterizing the flint implements which have excited so much attention 
within the last few years in Europe. They were all formed of dense 
semivitreous quartzite—a rock which occurred in immense abundance in 
districts close to where these implements had been found, and which 
formed a very good substitute for the flints of north Europe. This was 
the first instance in which, so far as he knew, such stone implements had 
been found in India in situ, True celts, of a totally different type and 
much higher finish, and in every respect identical with those found in 
Scotland and Ireland, had been met with in large numbers in Central 
India, but never actually imbedded in any deposits. They were inva- 
riably found under holy trees or in sacred places, and were objects of 
reverence and worship to the people, who could give no information as 
to the source from which they had been originally gathered together. A 
single and very doubtful fragment of a stone implement had been found 
by Mr. W. Theobald, Jr., in examining the deposits of the Gangetic 
plains near the Soane river. This occurred in the Kunkurry clay of that 
district; but, with this exception, he was not aware of any stone imple- 
ments of any kind having previously been noticed ia situ ‘anywhere 
in India. Those now on the table had been collected partly by himself, 
from a ferruginous lateritic gravel-bed, which extended irregularly over a 
very large area west of Madras. In places, this was at least fifteen feet 
below the surface, cut through by streams, and in one such place, from 
which some of the specimens on the table were procured, there stood an 
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old ruined pagoda on the surface, evidencing that, at least at the time of 
its construction, that surface was a permanent one, This bed of gravel 
was in many places exposed on the surface, and had been partially de- 
nuded; and it was in such localities, where these implements had been 
washed out of the bed, and lay strewed on the surface, that they were 
found most plentifully. 

Mr. Oldham remarked on the great interest attaching to such a dis- 
covery. and on the probable age of the deposit in which they occurred. 
Anvther point of interest connected with the history of such implements 
was the remarkable fact that while, scattered in abundance over the dis- 
tricts where they occurred, were noble remains of what would by many 
be called Druidical character-circles of large standing stones, cromlechs, 
kistvaens, often of large size and well preserved, all of which were tradi- 
tionally. velevred to the Karumbers, a race of which there yet existed 
traces in the hills, still all the weapons and implements of every kind 
found in these stone structures were invariably of iron. No information 
whatever regarding these stone implements could be obtained from the 
peasantry, who had been quite unaware of their existence.—Jour. of the 
Asiatic Society of Bengal, No. 1 (1864); from Ann. Mag. Nat. Hist., 
{8], xiv, 155. 

9. Postscript to Prof. Winchell’s article on the Origin of Prairies (p. 
382); by the Author.—In my article on Prairies, the belief is expressed 
that the assumption of the possibility of the almost indefinite suspension of 
the vitality of seeds, required by my theory, would present the greatest 
obstacle to its reception. It seems excusable, therefore, to crowd into a 
postscript, a reference to evidences temporarily overlooked, and especially 
to testimony and facts collected by Mr. Marsh in his learned work, * Man 
and Nature,” p. 285, et seg. This work has but just fallen into my 
hands. Mr. Marsh thinks, with Dr. Carpenter, that the vitality of seeds 
“seems almost imperishable while they remain in the situations in which 
nature deposits them.” He cites numerous instances in which one crop 
of plants has disappeared on a change of conditions, and another, of dit- 
ferent nature, has promptly assumed its place, originating, evidently, 
from seeds preéxisting for ages in the soil. He says “ earth brought up 
from wells or other excavations soon produces a harvest of plants, often 
very unlike those of the local flora.” He expresses the opinion that 
earth ejected from considerable depths by a certain earthquake couvul- 
sion, to which reference is made and which soon became covered with 
vegetation “never observed in that region before,” must have brought up 
with it the seeds from which the novel vegetation sprang, under “ the in- 
fluence of the air and sun, from depths where a previous convulsion had 
buried them ages before.” In the same connexion may be quoted a state- 
ment by Darwin (Origin of Species, Am. ed., p. 69), to the effect that in 
the midst of a very large and very sterile heath in Staffordshire, some 
hundreds of acres were planted with the Scotch fir, and, after twenty-five 
years, not less than twelve species of plants (not counting grasses and 
sedges) had made their appearance in the plantation of firs, “* which 
could not be found in the heath”—and this, though the fir forest seems 
to have been visited only by insectivorous birds. 
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Mr. Marsh quotes from Dwight’s 7ravels his account of the appear- 
ance of a fine growth of hickory [Carya glabra Torr.] on lands in Ver- 
mont which had been permitted to lie waste, when no such trees were 
known in the primitive forest within a distance of fifty miles; also, Dr. 
Dwight’s account of the appearance of a field of white pines, on sus- 
pension of cultivation, in the midst of a region where the native growth 
was exclusively of angiospermous trees. “The fact that these white 
pines covered the field exactly, so as to preserve both its extent and figure,” 
says Dr. Dwight, “and that there were none in the neighborhood, are 
decisive proofs that cultivation brought up the seeds of a former forest 
within the limits of vegetation, and gave them an opportunity to germ- 
inate.” 

The existence of a succession of forests of different prevailing species 
has been satisfactorily established in Denmark by the researches of Steen- 
strup on the Skoumose, or Forest-bogs, of that country (Mem. Acad. Sei. 
Copenhugen, ix, 1842). These bogs are from twenty to thirty feet in 
depth, and the remains of forest trees in successive layers, prove that 
there have been three distinct periods of arborescent vegetation in Den- 
mark—first, a period of the pine (Pinus sylvestris)—secondly, a period 
of the oak (Quercus robur sessiflora)—lastly, a period of the beech 
(Fagus sylvatica), not yet arrived at its culmination. The dominant 
species of each period flourished to the entire exclusion of the other two 
species, (see Smithsonian Report, 1860, p. 305, et seg.) Czesar affirms 
that the Fagus and Abies were, in his time, wanting in England, but the 
beech (Fagus) is now plentiful, and Harrison tells us in his “ Historical 
Description of the Iland of Britaine” (Holingshed’s Chronicles, 1807, 
i, 359), that “a great store of firre” is found lying “at their whole 
Jengths” in the “fens and marises” of Lancashire and other counties, 
where not even bushes grew in his time. (See further, Marsh’s Man and 
Nature, p. 222.) No doubt such extinct forests have flourished in 
America, even since the Glacial epoch, and have stocked the accumulating 
soils with their stores of vitalized fruitage, awaiting some future resur- 
rection; and no doubt the “fens and marises” of Lancashire, under suit- 
able circumstances, would reproduce from their granaries of forest fruit, 
the arboreal vegetation which had flourished and disappeared before the 
Roman conquest. 

Ann Arbor, Mich., Oct. 15, 1864. 

10. A jet d'eau made by means of the heat which air, when confined 
under glass, derives from the solar rays.—It is well known that the air 
confined under glass, if it receive the direct rays of the sun, will be- 
come much heated, far beyond the temperature of the rays, owing to the 
action of the glass in absorbing these rays and conveying the absorbed 
heat to the air within. Prof. Mouchot, of Alencon, has made the follow- 
ing application of the heat thus acquired. He takes a bell of silver, 
very thin and covered with lamp-black, and places over it two bells of 
glass, and exposes the whole to the rays of the sun. Two curved tubes 
furnished with stopeocks pass under the black bell, one of them to sup- 
ply water when it is required, the other to give exit to the water; the 
atter terminating outside in an ordinary jet d’eau orifice. Being now 
exposed to the solar rays—whose heat is transformed into non-luminous 
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heat in its passage through the walls of the bells, an effect that goes on 
accumulating without cessation—the air situated above the water dilates, 
and by its pressure causes a jet to rise, attaining sometimes in Mouchot’s 
trials a height of nearly 33 feet. When the water is exhausted, a screen 
placed before the sun will cool the interior and cause the water to return, 
or a new supply may be introduced through the supply-pipe. Many 
times the shade thrown over the apparatus by spectators caused it to 
stop, much to their surprise.— Les Mondes, Sept. 22. 

11. Method of destroying the larves of Weevils.—Mr. Marsaux has used 

naphthaline with success for exterminating the larves which for some 

ears have destroyed the plants in the nursery of Versailles. The poison- 
ing of a hectar (about 2} acres) has required 250 kilograms of naptha- 
line, costing 250 francs (it being introduced to a depth of nearly 10 
inches).- But on waiting until the time when the larves have reached 
the superficial layer of the soil, the quantity required was much less, and 
the cost but 80 to 125 francs the hectar. The naphthaline, as it is a 
fatty solid, has first to be reduced to powder and mixed with fine, dry 
sand. It is powdered by means of an iron cylinder, or a wooden pestle 
armed with iron.—Les A/ondes, Sept. 8, p. 53. 

12. British Association.—The British Association met at Bath on 
Wednesday, the 14th of September. In the accounts of the meeting 
which have reached us from England, the only American name men- 
tioned among those of “distinguished Forei gners” is “Commodore Maury 
of the Confederate States.” Sir Charles L ell delivered his inaugural 
address in the theater of Bath. Besides the usual scientific meetings, 
there were several geological and archeological excursions; a conversa- 
gione in the “ Assembly-rooms,” Thursday night; a discourse in the the- 
ater, Friday evening, by Professor Roscoe; another by Dr. Livingstone, 
Monday; and a Microscopical soirée, Tuesday. The session closed on 
Wednesday. The receipts for the past year amounted to £4505, and 
after paying all expenses there was a balance in hand of nearly £365. 

At the recent meeting 2788 tickets were sold, making for the income 
from this source £2964. The balance in hand is stated to be £3622, 17s. 
The Association has, also, funds in Consols to the amount of £8500. 

The researches in science, carried forward under the auspices of the 
Association, cost, in 1834, £20; while for the present year the large sum 
of £2037 has just been voted. 

The Report for the meeting in 1863 has been issued, making a volume 
of more than a thousand pages. 

The British Association will meet next year at Birmingham, when Sir 
Charles Lyell will surrender his presidency to Prof. Phillips, of Oxford. 

18. Report to the British Association, at Bath, on a uniform system of 
weights and measures.—The Committee of the British Association re- 
ported in favor of adopting the metric system of France, and the report 
was unanimously adopted, yet with some discussion as to whether the 
unit should be the French meter or not. This committee consisted of 
Lord Wrottesley, Mr. Adderley, Sir W. Armstrong, the Astronomer 
Royal, Mr. Samuel Brown, Mr. W. Evart, M.P. (who was chairman of 
the committee in the House of Commons, and who conducted the meas- 
ure with reference to the metric system through Parliament), the Master of 
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the Mint, Sir John Hay, Prof. Hennessey, Mr. James Heywood, Dr. Lee, 
Prof. Levi, Professor Miller, Prof. Rankine, Rev. Dr. Robinson, Colonel 
Sykes, M.P., Mr. Tite, M.P., Professor Williamson, Mr. Purdy, and Mr. 
Yates. 

Among the recommendations of the committee are the following : 

(4.) That it be recommended to the government, in all cases in which 
statistical documents issued by them relate to questions of international 
interest, to give the metric equivalents to English weights and measures, 

(5.) That in communications respecting weights and measures pre- 
sented to foreign countries which have adopted the metric system, equiva- 
lents in the metric system be given for the ordinary English expressions 
for length, capacity, bulk, and weight. 

(6.) That it be recommended to the authors of scientific communica- 
tions, in all cases where the expense or labor involved would not be too 
great, to give the metric equivalents of the weights and measures men- 
tioned. 

(8.) That treatises explaining the metric system, with diagrams, should 
be forthwith laid before the public. That works on arithmetic should 
contain metric tabies of weights and measures, with suitable exercises on 
those tables; and that inspectors of schools should examine candidates 
for pupil teachers in the metric system. 

(9.) That in reports made to the British Association, degrees of heat 
or cold be given according to both the Centigrade and Fahrenheit ther- 
mometers, and that the scales of thermometers constructed for scientific 
purposes be divided both according to the Centigrade and Fahrenheit 
scales, and that barometric scales be divided into fractions of the meter, 
as well as into those of the foot and inch. 

14. Analysis of a Hot Spring containing Lithium and Cesium, in 
Wheal Clifford ; by Dr. W. A. Mutter, V.P.R.S.—This hot spring is 
the most abundant source of lithia at present known, The quantity of 
chlorid of lithium furnished by it may be stated to be 800 Ibs, in twenty- 
four hours. The existence of cesium in quantity somewhat consider- 
able for an element hitherto so rare adds to the interest with which this 
water will be regarded. Both chemists and medical men will hail this 
supply of lithium. The temperature of the spring is 122°—125° at the 
230 fathom level; average yield 150 gallons per minute; specific grav- 
ity at 60° F. 1007, 646:1 grains of fixed salts per imperial gallon are 
obtained on evaporation. These consist of 


Grains. 
Chlorid of potassium with a little chlorid of cesium, 14°84 
Chlorid of lithium, - - 26°05 
Chlorid of sodium, - - - $863°61 
Chiorid of magnesium, - - - - 8°86 
Chlorid of calcium, - - - - - 21617 
Sulphate of calcium, - - - - - - 12°27 
Oxyds of iron, manganese and aluminum,~— - - trace 


645°45 
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Cubic Inches. 


In 1 imp. gallon the gases amounted to - - 891 
Consisting of— 

Carbonic acid, - - - - - 

Oxygen, - - - - - - - 1°72 

Nitrogen, - - - - - - 5°30 

Ratio of oxygen to nitrogen gas, 1:3 


Proc. Brit. Assoc., rein The Rae. Oct. 8. 

15. On the Temperature of the Sexes ; by Dr. Davy.—The theory of 
Aristotle that a man possessed more warmth than a woman, had been 
disputed ; and it had been held by some, as the result of modern re- 
search, that the temperature of women was slightly superior to that of 
men. The author ccnsidered the early opinion the more correct. Taking 
the average, the temperature of males and females was as 10°58 to 10°13. 
The result of some elaborate experiments recently instituted was that the 
temperature in the case of the men varied between 99 and 994, that of 
the women was between 973 and 98. An examination of other animals 
gave still a somewhat higher temperature for the male than the female, 
six fowls showing the proportion of 108°33 for the former to 107-79 for 
the latter.— Proc. Brit. Assoc., from The Reader, Oct. 8. 

16. On Crude Paraffin Oil; by Dr. B. H. Paut.—The author re- 
marked that very little attention had hitherto been paid to that portion 
of crude paraffin oil which was heavier than water, and its existence had 
been denied. He found, however, that the oil obtained from ceal, or any 
similar material, by distillation at a moderate heat not exceeding low red- 
ness, always contains oils heavier than water, and that these oils are pre- 
cisely the same as the oils heavier than water, which are contained in the 
ordinary coal-tar of gas-works, consisting in both cases chiefly of carbonic 
acid and a thick pitchy substance. It was also shown that the product 
obtained by distilling different varieties of bituminous coal at a low heat 
differs very considerably in its character, according to the kind of coal it 
is obtained from, and that this difference is mainly due to the relative 
proportions of oil lighter than water and of oil heavier than water. In 
the case of the oil obtained from the kind of coal commonly used as fuel, 
the proportion of heavy oil is so large that the product closely resetnbles 
the coal-tar of gas works in all its outward characters, although the oils 
lighter than water which it contains are identical with thoge contained in 
crude paraffin oil, as it is usually manufactured from particular kinds of 
coal and other betuminous minerals, which are exceptional in so far as 
they yield by distillation a product containing the light oils in much 
larger proportions than the heavy oils.—Proc. Brit. Assoc., from The 
Reader, Oct. 8. 

17. German Association—The twenty-ninth meeting of the German 
Association, held this year at Giessen, was brought to a conclusion on the 
23d ult., after a most successful meeting, more than a thousand mem- 
bers and associates being present. Spontaneous generation and some 

eological theories were among the matters discussed at some length.— 


he Reader, Oct. 8. 
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17. White Fish of the Great Lakes of N. America.—A writer in the 
Atheneum urges the introduction of the “celebrated White Fish of the 
Canadian Lakes” into the “lakes of Cumberland and Scotland, now al- 
most valueless.” 


OBITUARY. 


Francis Atcer.—Francis Alger was born in Bridgewater, Massachu- 
setts, March 8, 1807, and died suddenly at Washington, of typhoid pneu- 
monia, Nov. 27, 1863. His taste for Mineralogy and other branches of 
science was first awakened in 1824. In 1826, he went to Nova Scotia 
with his father, to erect a furnace, and collected the minerals of Digby 
Neck and of the trap rocks of Granville, a catalogue of which he pub- 
lished in the Boston Journal of Philosophy and the Arts, and also in this 
Journal (xii, 227). In the following year he undertook an exploration of 
the mineral region of the peninsula of Nova Scotia, along with Dr. C. T. 
Jackson ; and their results were jointly published in volumes xiv and xv 
of this Journal (1828 and 1829). Again, in 1829, another exploration 
was made with Dr. Jackson, and an extended paper on the subject pub- 
lished in the Memoirs of the Academy of Arts and Sciences. Soon after 
the publication of this paper, he was elected a member of the Academy ; 
and in 1849, he received the honorary degree of A.M. from Harvard 
College. 

Mr. Alger was one of the original members of the Boston Society of 
Natural History, and for many years Curator of Mineralogy. His min- 
eralogical explorations and collections during this time and afterward were 
numerous and important, as shown both by his rich cabinet and his oc- 
casional publications. At the Beryl locality of Grafton, N. H., he un- 
covered and worked out a crystal of beryl weighing five tons. In 1844, 
he published an edition of Phillips’s Mineralogy, which, by great labor, 
he had adapted to American science by the addition of lists of localities, 
and various other facts relating to American minerals. In 1845, he pub- 
lished in this Journal a paper on the Zine mines of Franklin, N.J., in 
which he had become greatly interested ; in 1846, notes on various min- 
erals; in 1850, on crystallized gold from California, and on quartz con- 
taining rutile; in 1852, on the identity of lincolnite and beaumontite 
with heulandite. The last paper appeared also in the Journal of the 
Boston Society of Natural History, which Journal also contains others 
of his mineralggical papers. 

Capt. Joun Hawnine@ Speke, the African explorer, died at Bath, on 
the 16th of September, from the accidental discharge of a musket in his 
own hand. He had gone to that place to attend the meeting of the 
British Association ; and its members were discussing the advisability of 
recommending to the Government that some positive recognition of his 
services should be made, when the sad tidings reached them. 


VI.. MISCELLANEOUS BIBLIOGRAPHY. 


1. Canadian Naturalist and Geologist.—This valuable bi-monthly sci- 
entific Journal, published at Montreal, under the auspices of the Natural 
History Society of Montreal and containing its Proceedings, closed its 
first series with the end of the 8th volume, and began its second with 

Am. Jour. Sci.—SEconpD Serizs, VoL. XXXVIII, No. 114.—Nov., 1864. 
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February of the present year. The editors for the year 1864 are Dr. 
J. W. Dawson, Prof. T. Sterry Hunt, E. Billings, Prof. S. P. Robbins, 
and Rev. A. F. Kemp, with David A. P. Watt as General Editor. 

2. Organic Philosophy, or Man’s true place in Nature; by Hucu 
Donerty, M.D. Vol. I, Epicosmology. London; Triibner & Co.—Mr. 
Doherty introduces his work on Man’s true place in Nature with the 
statement that “ Man is not merely a skeleton, nor is external nature a 
congeries of bones.” “There are in man a body and a soul, and both 
must be well understood before we can discover his true place. The hu- 
man skeleton is but a fragment of the body; and though, to those who 
are well versed in comparative anatomy, a part of any physical organism 
may show the nature of the whole, still a fragment of the body gives no 
adequate idea of the living soul, which is the man.” He proceeds from 
this as his basis, and bringing to bear upon his great subject a wide range 
of philosophical knowledge, has produced a work that will be read with 
interest and profit by those interested in the great question of the day. 
His views of classification of the various departments of nature are to a 
considerable extent novel, and to us they appear artificial. They occupy 
a large part of the volume, and no analysis can be given without devoting 
more space to the subject than seems desirable. 

3. The Geological Magazine, a Monthly Journal of Geology: edited 
by T. Rupert Jones, F.G.S., Prof. Geol. Roy. Military Coliege, Sandhurst, 
assisted by Henry Woodward, F.G.S,, F.Z.S., British Museum.—Numbers 
I, to IV. have been issued of this Monthly Geological Journal, the first 
having appeared on the Ist of July. Price 1s. 6d. per number. 

4. Introduction to “ The Alpine Guide ;” by Joun Batt, M.R.LA., 
F.LS., etc., late President of the Alpine Club. 113 pp. 12mo. London, 
1864: Longman, Green, Longman, Roberts and Green. Price 1s,—Con- 
tains in a brief compass the infurmatign most important to the Alpine 
traveller—as, that pertaining to custom house regulations, money, modes 
of travelling, guides, inns, expenses, maps, ete., together with general ad- 
vice on mountaineering, and also sketches of the climate, vegetation, ge- 
ology, glaciers, &c., of the Alps. It is the introductory portion of “The 
Alpine Guide,” in which full instruction is given with regard to the 
various passes in the Alps, ete. 

5. Revision of the Polyps of the Eastern Coast of the United States ; 
by A. E. Verritt. 46 pp., 4to, with a lithographic plate. From the 
Memoirs of the Boston Society of Natural History, second series, vol. i, 
No. 1, July, 1864.—This memoir of Professor Verrill is a thorough re- 
view of the Polyps of the Atlantic coast of the United States, embracing 
a careful revision of earlier writings and investigations, notes on the spe- 
cies hitherto described, and descriptions of several new species. The 
names of some of these last are from the manuscripts of Professor 
Agassiz and Mr. Wm. Stimpson. The author expresses his indebtedness 
to Professor Agassiz for the free use of the collections in the Cambridge 
Museum of Comparative Zoology, and also of Prof. A.’s magnificent 
series of drawings made from life by Mr. J. Burkhardt. The plate con- 
tains figures of five species—Bunodes Stella Verrill, Rhodactinia Davisit 
Agassiz, Halcampa producta Stimpson, Hdwardsia sipunculoides Stimp- 
son, and Bicidium parasiticum Agassiz. 
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Annual Report of the Geological Survey of India, for the year 1862-3. 

Memoirs of the Geological Survey of India; Paleontologica Indica. Vol. II. 
Part 6. The Fossil Flora of the Rajmahal Series, Bengal; by T. Orpaam and 
Joun Morris. Vol. III, Part 1, the Fossil Cephalopoda of the Cretaceous Rocks of 
India (Ammonitide); by F. Sroticzka, 1863." 

Paleontologie Frangaise, ou Description des animaux invertébrés fossiles de la 
France. Tome VII. Terrain Crétacé; Livraisons 8, 9, 11, 18, 14; by G. Corrgav. 
1862, 1863. 

Jahresbericht iiber die Fortschritte der Chemie, etc., for 1863. First Heft. Gies- 
sen, August, 1864.—The Jahresbericht is now edited by Heinrich Will, aided by 
C. Bohn, Th. Engelbach, and A. Knop. 

Rambles in the Rocky Mountains, with a visit to the Gold Fields of Colorado; 
by Maurice O’Connok Morris. London. 1864. SmithElder & Co. 

On the Right Ascension of the Pole Star as determined from observation; by T. 
H. Sarrorp, Assistant at the Observatory of Harvard Cullege. 13 pp., 8vo. From 
the Proceedings of the American Academy of Arts and Sciences, vol. VI. Printed 
for the Observatory of Harvard College. 

A Register of Earthquakes in California from 1800 to 1868; by Dr. Jonn B. 
Trask. 2¢ pp. 8vo. From the Proceedings of the California Acad. Nat. Sci. San 
Francisco, 1864. 

Progeepincs or tae Acap, Nar. Sct. Pattapetpara. No. 8, May, June, July 
and August, 1864 —Page 145, Critical remarks on the genera Sebastes and Sebas- 
todes of Ayres; Z: Gill.—p. 147, Second Contribution to the Selachology of Cali- 
furnia; 7! Gill—p. 151, Notes on some points in Ichthyology (a Kansas species of 
Percopsis; history of the name Gymnotus; genus Melantho = Campelamo of Ra- 
finesque); 7! Gill.—p. 153, On new species of Invertebrata from Puget Sound, col- 
lected by the Naturalist of the N.W. Boundary Commission, A. H. Campbell, Esq., 
Commissioner (species of Crustacea of the genera Eupagurus, Hippolyte, Idothea, 
Zga, Bopyroides, Caprella, Amphithoe, Anonyx, Gammarus, Amphithonotus, Am- 
pelisca, Ammothea; of Gephyrea of the genera Phascolosomum, Sternaspis; of 
Zunicata of the genera Cynthia, Chelysoma; of Holothuride of the genus Pentac- 
ta); W. Stimpson.—p. 161, The influence of the Earth’s atmosphere on the color 
of the Stars; J. ELnnis.—p. 166, Contributions to the Herpetology of tropical 
America (species of Caudisoma, Tomodon, Toluca, Chamileolis, Eupristis, Xipho- 
surus, Anolis, Lemanctus and Uta); 2. D. Cope. 

Proceepincs or THE Essex Institure, Vol. 1V, No, 2—Notes on the family Zy- 
geenide, with two plates—concluded; A. S. Packard, Jr—Catalogue of Birds found 
at Springfield, Mass., with notes on their Migrations, Habits, &c., together with a 
list of the Birds found in the State and not yet observed at Springfield; J. A. 
Allen. 

ProceEepincs or THE Amer. Part. Soc. Vol. 1X, No. 71.—Page 291, Height of 
tides; P. £. Chase,—p. 294, Danish element in England; H. Coppee.—p. 330, Obit- 
uary of W. Darlington; 7. P. James.—p. 345, Barometric fluctuations and temper- 
ature; P. Chase—p. 355, Heat and muscular energy; P. Chase.—p. 360, 
Manufacture of paper pulp from wood; R. Briggs.—p. 360, New flax-fibre machine ; 
Emerson.—p. 367, Magnetic currents; P. £. Chase-—p. 371, On Stone implements; 
F. Peale.—p. 372, Letter of Prof. Zantedeschi on spectral analysis —Synopsis of a 
paper on the influence of Ether in the Solar System; A. Wilcocks.—p. 388, On the 
Abbeville quarries; J. P. Les/ey.--p. 395, Effects of rotation on the barometer; P, 
E. Chase.—p. 399, On the ancient sea-level; J. P. Lesley. 


Announced by Messrs, Williams & Norgate:— 

Comparative Osteology, an Elementary Atlas of Comparative Osteology, to con- 
sist of 12 plates in folio, drawn on stone by B. Waterhouse Hawkins, Esq., the fig- 
ures selected and arranged by Prof. T. H. Huxtey, F.R.S. 

Prehistoric Archeology, or Essays on the Primitive Condition of Man in Europe 
and America; by Jonn Lussock, F.R.S. President of the Ethnological Society. 
1 vol. 8vo, with numerous woodcut illustrations. 


Subscriptions are solicited for the following work, to be issued by the K. K. 
zoologisch-botanischen Gesellschaft of Vienna:—Nouveau Systeme des Blattaires, par 
M. Charles Brunner de Wattenwyl. Subscription price in Vienna, 4 Austrian flo- 
rins. It will contain descriptions of about 400 species of the Blatta family, many 
of them new, with 13 copper-plates. 
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